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substrate that is orthogonal to the longitudinal direction and
the transverse direction.
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1
HEATER, HEATING DEVICE, AND IMAGE
FORMING APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a heater used in an image
forming apparatus such as a copy machine, a printer, or the
like using an electrophotographic system or an electrostatic
recording system. Also, the present invention relates to a
heating device for a fixing device with the heater mounted
thereon, a glossing device that improves a gloss value of a
toner image by re-heating a fixed toner image on a recording
material, or the like. Moreover, the present invention relates
to an image forming apparatus including the heating device.

Description of the Related Art

As a heating device mounted on a printer or a copy
machine based on an electrophotographic system, there is a
general configuration including a heater that includes a heat
resistor on a substrate, a film that moves while coming into
contact with the heater, and a pressurizing roller that forms
a nip portion with the heater via the film. As a substrate used
in a heater of such an apparatus, a substrate made of metal
may be used in terms of strength against a thermal stress as
in Japanese Patent Application Laid-open No. H10-275671.

SUMMARY OF THE INVENTION

An object is to develop a heater including a substrate
made of metal.
In order to achieve the above object, a heater according to
the present invention comprises:
a substrate that is thin and long and is made of metal;
an insulating layer that is provided on the substrate; and
a heat generating element that is provided on the insulat-
ing layer,
wherein in a case where a region including a center of the
substrate is defined as a first region, a region on a side
closer to one end portion than the first region is defined
as a second region, and a region on a side closer to the
other end portion than the first region is defined as a
third region in a transverse direction that is orthogonal
to a longitudinal direction of a surface of the substrate
on which the insulating layer is provided, the first
region is a plane, and
wherein the second region and the third region are bent
from the first region in a thickness direction of the
substrate that is orthogonal to the longitudinal direction
and the transverse direction.
Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an overview configuration diagram of an image
forming apparatus according to Example 1;

FIG. 2 is a sectional view of a fixing device according to
Example 1;

FIG. 3 is an exploded perspective view of a film unit
according to Example 1;

FIG. 4 is a front view of the fixing device according to
Example 1;
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FIG. 5 is a sectional perspective view of the fixing device
according to Example 1;

FIGS. 6A and 6B are respectively a perspective view of
a substrate and a sectional view of the fixing device accord-
ing to Example 1;

FIGS. 7A and 7B are schematic views of a heater accord-
ing to a comparative example;

FIG. 8 is a sectional perspective view of a fixing device
according to Modification Example 1;

FIGS. 9A and 9B are respectively a perspective view of
a heater and a sectional view of the fixing device according
to Modification Example 1;

FIG. 10 is a sectional perspective view of a fixing device
according to Modification Example 2;

FIGS. 11A and 11B are respectively a perspective view of
a heater and a sectional view of the fixing device according
to Modification Example 2;

FIG. 12 is a sectional perspective view of the fixing
device according to Example 2;

FIGS. 13A and 13B are respectively a perspective view of
a substrate and a sectional view of the fixing device accord-
ing to Example 2;

FIGS. 14A and 14B are respectively a perspective view of
a heater and a sectional view of a fixing device according to
Modification Example 3;

FIGS. 15A and 15B are respectively a perspective view of
a heater and a sectional view of a fixing device according to
Modification Example 4;

FIG. 16 is a sectional perspective view of a fixing device
according to Example 3;

FIGS. 17A and 17B are respectively a schematic view of
a heater and a sectional view of the fixing device in the
vicinity of the heater according to Example 3;

FIG. 18 is a sectional view of a fixing device in the
vicinity of a heater according to Modification Example 5;

FIG. 19 is a sectional perspective view of a fixing device
according to Example 4;

FIG. 20 is a sectional view of the fixing device according
to Example 4;

FIG. 21 is a sectional view of a fixing device according to
Modification Example 6;

FIG. 22 is an overview configuration diagram of an image
forming apparatus according to Example 5;

FIG. 23 is a sectional view of a fixing device according to
Example 5;

FIGS. 24A and 24B are perspective views of a film unit
and a heat conducting member according to Example 5;

FIG. 25 is a front view of the fixing device according to
Example 5;

FIGS. 26A and 26B are respectively a sectional view and
a plan view of a heater according to Example 5;

FIGS. 27A and 27B are modification examples of the heat
conducting member according to Example 5;

FIGS. 28A and 28B are schematic views illustrating a
staple and a recording material bound with the staple;

FIG. 29 is a perspective view illustrating a state in which
a recording material is conveyed to a fixing device in an
example in the related art;

FIGS. 30A to 30C are diagrams illustrating a state in
which a heater in an example in the related art warps in a
conveying direction;

FIGS. 31A and 31B are sectional views of a fixing device
in an example in the related art;

FIG. 32 is a sectional view of a fixing device according to
Example 6;

FIGS. 33A and 33B are perspective views of a film unit
and a heater according to Example 6;



US 12,061,429 B2

3

FIGS. 34A and 34B are respectively a sectional view and
a plan view of the heater according to Example 6;

FIGS. 35A and 35B are modification examples of the
heater according to Example 6;

FIG. 36 is a sectional view of a fixing device according to
a modification example;

FIGS. 37A and 37B are respectively a sectional view and
a plan view of a heater according to a modification example;

FIG. 38 is a sectional view of a fixing device according to
Example 7;

FIGS. 39A to 39C are schematic views illustrating heat
conducting members according to Example 7 and modifi-
cation examples;

FIG. 40 is a sectional view of a fixing device according to
Example 8;

FIGS. 41Ato 41C are schematic views illustrating heaters
according to Example 8 and modification examples;

FIG. 42 is an overview configuration diagram of an image
forming apparatus according to Example 9;

FIG. 43 is a sectional view of a fixing device according to
Example 9;

FIG. 44 is an exploded perspective view of a heater holder
unit and peripheral components according to Example 9;

FIG. 45 is a front view of the fixing device according to

Example 9;

FIG. 46 is a sectional view of a heater according to
Example 9;

FIG. 47 is a perspective view of the heater according to
Example 9;

FIG. 48 is a perspective view of the heater and a power
supply means according to Example 9;

FIG. 49 is a perspective view of the heater holder unit
according to Example 9;

FIG. 50 is a perspective view of a heater holder unit in an
example in the related art;

FIG. 51 is a perspective view of a heater holder unit and
a power supply means according to Example 10;

FIGS. 52A and 52B are perspective views of a heater
according to Example 11;

FIG. 53 is a perspective view of a heater holder and a
power supply means according to Example 11;

FIGS. 54A and 54B are perspective views of a heater
holder unit according to Example 11;

FIG. 55 is a perspective view of a heater holder unit and
a power supply means according to Example 12;

FIG. 56 is a perspective view of a heater according to a
modification example;

FIG. 57 is a perspective view of a heater according to a
modification example;

FIG. 58 is a perspective view of a heater holder unit and
a power supply means according to a modification example;

FIG. 59 is an overview configuration example of an image
forming apparatus according to Example 13;

FIG. 60 is a sectional view of a fixing device according to
Example 13;

FIG. 61 is an exploded perspective view of a film unit of
the fixing device according to Example 13;

FIG. 62 is a front view of the fixing device according to
Example 13;

FIG. 63 is a sectional view of a heater according to a
comparative example;

FIG. 64 is a perspective view of a heater according to a
comparative example;

FIG. 65 is a sectional view of a heater according to
Example 13;

FIG. 66 is a sectional view of a heater according to
Example 14;
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FIG. 67 is a sectional view of a heater according to
Example 15;

FIG. 68 is a sectional view of a heater according to
Example 16;

FIG. 69 is an overview sectional view of an image
forming apparatus according to Example 17;

FIG. 70 is an overview sectional view of a fixing device
according to Example 17;

FIG. 71 is an exploded view of a heater and peripheral
members according to Example 17;

FIG. 72 is an exploded view of the heater and a heater
holder according to Example 17;

FIG. 73 is a completion diagram of the heater and the
heater holder according to Example 17;

FIGS. 74A and 74B are schematic views illustrating states
of thermal expansion of the heaters according to Example 17
and a comparative example, respectively;

FIGS. 75A and 75B are schematic views illustrating a
configuration in which a heater projecting portion deviates
from the center according to Example 17;

FIG. 76 is an exploded view of a heater, a soaking plate,
and a heater holder according to Example 18;

FIG. 77 is a completion diagram of the heater, the soaking
plate, and the heater holder according to Example 18;

FIG. 78 is an exploded diagram of a heater, a soaking
plate, and a heater holder according to Example 19;

FIG. 79 is a completion diagram of the heater, the soaking
plate, and the heater holder according to Example 19;

FIG. 80 is an exploded diagram of a heater, a soaking
plate, and a heater holder according to Example 20; and

FIG. 81 is a completion diagram of the heater, the soaking
plate, and the heater holder according to Example 20.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, a description will be given, with reference to
the drawings, of embodiments (examples) of the present
invention. However, the sizes, materials, shapes, their rela-
tive arrangements, or the like of constituents described in the
embodiments may be appropriately changed according to
the configurations, various conditions, or the like of appa-
ratuses to which the invention is applied. Therefore, the
sizes, materials, shapes, their relative arrangements, or the
like of the constituents described in the embodiments do not
intend to limit the scope of the invention to the following
embodiments. Examples of an image forming apparatus to
which the present invention can be applied includes a
printer, a copy machine, and the like using an electropho-
tographic system or an electrostatic recording system, and a
case in which the present invention is applied to a laser
printer will be described here.

Example 1

(1) Image Forming Apparatus 100

FIG. 1 is an overview configuration diagram of an image
forming apparatus 100 using an electrophotography record-
ing technique in Example 1. First, a configuration and
operations of the image forming apparatus 100 will be
described.

An image forming operation of an image forming portion
of the image forming apparatus 100 will be described. If the
image forming apparatus 100 receives a printing instruction
from an external device or the like, a scanner unit 3 emits
laser light L in accordance with image information toward a
photosensitive member 1. The photosensitive member 1
charged with a predetermined polarity by a charging roller
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2 is scanned with the laser light [, and an electrostatic latent
image in accordance with the image information is formed
on the surface of the photosensitive member 1. Thereafter, a
developing device 4 supplies a toner to the photosensitive
member 1, and a toner image in accordance with the image
information is formed on the photosensitive member 1. The
toner image on the photosensitive member 1 is moved to a
transfer position formed by the photosensitive member 1 and
atransfer roller 5 with rotation of the photosensitive member
1 in the arrow R direction and is transferred onto a recording
material P supplied by a pickup roller 7 from a cassette 6.
The surface of the photosensitive member 1 that has passed
through the transfer position is cleaned with a cleaner 8.

A fixing device 9 that serves as a fixing portion performs
fixing processing on the recording material P with the toner
image transferred thereon with heat and a pressure. There-
after, the recording material P is discharged to a discharge
tray 11 by a discharge roller 10.

(2) Fixing Device 9

Next, a configuration and operations of the fixing device
9 will be described. In this example, a tensionless-type film
heating-system fixing device 9 is used as an example of the
heating device. The fixing device 9 in this example is a
device in which an endless belt-shaped (or a cylindrical) film
is used as a heat-resistant film, at least a part of a perimeter
of'the film is always kept free from tension (a state in which
no tension is applied thereto), and the film is driven to rotate
by a rotation driving force of a pressurizing member.

FIG. 2 is an overview sectional view of the fixing device
9 in this example and illustrates a state in which a recording
material P with a toner image formed thereon is conveyed to
the fixing device 9. Also, FIG. 3 is an exploded perspective
view of a film unit 20 used in the fixing device 9. FIG. 4 is
a schematic diagram of the fixing device 9 in which a part
of a film 23 is not illustrated in order to illustrate an internal
structure of the film unit 20.

A configuration of the fixing device 9 will be described
with reference to FIG. 2. The fixing device 9 in this example
includes a tubular film 23 that serves as a first rotating body,
a heater 22 that heats the film 23 in an internal space of the
film 23, and a pressurizing roller 30 that serves as a second
rotating body that forms a nip portion N with the heater 22
via the film 23. The fixing device 9 further includes a heater
holder 21 that supports the heater 22 and guides rotation of
the film 23 and a reinforcing member 24 that reinforces the
heater holder 21. The film 23 is driven and rotates in the
arrow a direction by the pressurizing roller 30 receiving a
motive force from a motor, which is not illustrated, and
rotating in the arrow b direction.

The film 23 is a tubular rotating body. The thickness of the
film 23 is preferably at least about 20 um and not more than
100 um to secure satisfactory heat thermal conductivity. In
a case in which the film 23 is a single-layer film, it is
preferable to use a material such as polytetrafluoroethylene
(PTFE), tetrafluoroethylene-perfluoroalkyl vinyl ether
(PFA), or PPS as a base layer. In a case in which a
composite-layer film is used, it is preferable to use a material
such as polyimide (PI), polyamidimide (PAI), polyether
ether ketone (PEEK), or polyether sulfone (PES) as a base
material. Moreover, it is suitable to configure the composite-
layer film using a material such as PTFE, PFA, or tetrafluo-
roethylene-perfluoroalkyl vinyl ether (FEP) as a release
layer with which the surface of the base layer is coated. Also,
a film obtained by using pure metal or an alloy of SUS, Al,
Ni, Cu, Zn, or the like with high thermal conductivity in the
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base layer and performing the aforementioned coating pro-
cessing and coating with a fluorine resin tube on the release
layer is also suitably used.

The film 23 in this example is a composite-layer film in
which the base layer is made of PI to have a thickness of 60
um and is coated with a release layer made of PFA with a
thickness of 12 um to achieve a balance between both
abrasion of the release layer due to paper feeding and
thermal conductivity. The length of the film 23 in the
longitudinal direction is set to 240 mm. The axial direction
of the cylindrical shape of the film 23 will be referred to as
a longitudinal direction below.

The heater holder 21 is a support member that is provided
in an internal space of the film 23 and supports the heater 22.
The film 23 is loosely fitted onto the heater holder 21, and
the heater holder 21 also has a guide function of guiding
rotation of the film 23 while keeping slide contact with an
inner circumferential surface of the film 23. Since the heater
holder 21 is required to have heat resistance and rigidity, it
is preferable to use a liquid crystal polymer resin or the like
with high heat resistance and excellent strength as a material
of the heater holder 21. As the heater holder 21, a molded
article of a heat-resistant resin such as polyphenylene sulfide
(PPS) or a liquid crystal polymer, for example, is used.

The heater 22 includes at least a thin and long plate-
shaped substrate made mainly of metal, a resistance heating
element that generates heat in response to power distribu-
tion, an insulating layer that insulates the resistance heating
element from the substrate, and a glass coating layer that
protects the heat generating element. A detailed configura-
tion of the heater 22 will be described later.

A thermistor 25 that is a temperature detection unit abuts
a second surface on the side opposite to a first side of the
substrate on which the resistance heating element is pro-
vided in the thickness direction that is orthogonal to the
longitudinal direction and the transverse direction of the
heater 22. Power distribution to the heat resistor is controlled
in accordance with the temperature detected by the therm-
istor 25, and the temperatures of the heater 22 and the film
23 are managed. In other words, a change in temperature of
the film 23 is detected by the thermistor 25 via the heater 22
in this example.

The pressurizing roller 30 includes a core metal of a
material such as iron or aluminum, an elastic layer of a
material such as silicone rubber, and a release layer of a
material such as PFA. A drive gear 33 (see FIG. 4) is
attached to one end of the core metal of the pressurizing
roller 30 in the longitudinal direction, and the drive gear 33
receives a rotation drive force from a drive means, which is
not illustrated, and causes the pressurizing roller 30 to rotate.

The reinforcing member 24 is a member that is made of
metal such as iron and maintains the strength to prevent
significant deformation even with a pressure of pressurizing
the heater holder 21 to the side of the pressurizing roller 30
(the side of the second rotating body). The heater 22 is
pressurized by a pressurizing means, which will be
described later, on the side of the pressurizing roller 30 via
the heater holder 21 and the reinforcing member 24. A
region where the pressurizing roller 30 and the film 23 are
in close contact through the pressurization is the nip portion
N (as a pressure-contact region).

Next, details of the film unit 20 constituted of components
such as the film 23 will be described with reference to the
perspective view in FIG. 3. First, the heater holder 21 has
substantially a gutter-shaped sectional shape that is orthogo-
nal to the longitudinal direction, and the reinforcing member
24 is fitted to the inside of the gutter shape. A heater
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receiving groove is provided in the heater holder 21 on the
side facing the pressurizing roller 30, and the heater 22 is
fitted into the heater receiving groove and is fitted at a
desired position. The film 23 is fitted onto a perimeter
outside the heater holder 21 with which the aforementioned
components are assembled with a margin.

Both ends of the reinforcing member 24 in the longitu-
dinal direction stick out from both ends of the film 23, and
the film unit 20 is assembled by a flange 26 being fitted to
each of both ends of the reinforcing member 24.

A power supply terminal of the heater 22 also sticks out
of one end of the film 23 in the longitudinal direction, and
a power supply connector 27 is fitted thereto. The power
supply connector 27 comes into contact with an electrode
portion of the heater 22 with an abutting pressure and
produces a power supply path. Also, the heater clip 28 is
formed of a metal plate bent into a C shape and holds an end
of the heater 22 at the heater holder 21 with its spring
property.

Next, a configuration of the fixing device 9 will be
described in further detail with reference to FIG. 4. In FIG.
4, a part of the film 23 is not illustrated such that the heater
holder 21 and the heater 22 provided in the internal space of
the film 23 are visually recognized. The flange 26 located at
both end portions of the film 23 restricts movement of the
rotating film 23 in the longitudinal direction.

The film unit 20 is provided to face the pressurizing roller
30 and is supported by a top plate-side casing 41. The film
unit 20 is supported by the top plate-side casing 41 to be
freely movable in the pressurizing direction, and movement
thereof in the longitudinal direction is restricted. A pressur-
izing spring 45 is attached to the top plate-side casing 41 of
the fixing device 9 in a compressed state. The pressing force
of the pressurizing spring 45 is received by both end portions
of the reinforcing member 24 in the longitudinal direction
via the flange 26. The reinforcing member 24 is pushed on
the side of the pressurizing roller 30 with the pressing force
of the pressurizing spring 45, the entire film unit 20 is
pressed on the side of the pressurizing roller 30, and the nip
portion N is thus formed.

A bearing member 31 is provided to axially support the
core metal of the pressurizing roller 30 and receives a
pressing force from the film unit 20 via the pressurizing
roller 30. In order to rotatably support the core metal of the
pressurizing roller 30 that is heated to a relatively high
temperature, a material with heat resistance and excellent
slidability is used for the bearing member 31. The bearing
member 31 is attached to a bottom-side casing 43 of the
fixing device 9.

(3) Heater 22

Next, a material, a manufacturing method, and the like for
configuring the heater 22 in this example will be described
using FIG. 5 and FIGS. 6A and 6B. FIG. 5 is a perspective
view illustrating a section of the fixing device 9 provided
with the heater 22 in this example. FIG. 6A is a perspective
view illustrating a substrate 221 of the heater 22, and FIG.
6B is a sectional view of the fixing device 9 illustrating a part
near the heater 22.

The heater 22 includes a thin and long plate-shaped
substrate 221 made mainly of metal, a heat generating
element 223 that generates heat in response to power dis-
tribution, an insulating layer 222 that insulates the heat
generating element 223 from the substrate 221, and a
protective layer 224 that protects the heat generating ele-
ment 223. A surface which includes the insulating layer 222
and the heat generating element 223 provided thereon and
faces the pressurizing roller 30 via the film 23 out of the
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surfaces of the substrate 221 is defined as a first surface 221g
(front surface), and the surface on the side opposite to the
first surface is defined as a second surface 221/ (rear
surface) for convenience.

(3-1) Substrate 221

As a material used for the substrate 221, stainless steel,
nickel, copper, aluminum, or an alloy containing such a
material as a main material is suitably used. Among these,
stainless steel is most preferably used in terms of strength,
heat resistance, and corrosion. The type of the stainless steel
is not particularly limited and may be appropriately selected
in consideration of necessary mechanical strength, a linear
expansion coefficient in accordance with formation of the
insulating layer 222 and the heat generating element 223,
easiness of obtaining a plate material in the market, and the
like. In one example, martensite-based stainless steel and
ferrite-based stainless steel of chromium-based stainless
steel (400-based) have relatively low linear expansion coef-
ficients from among others and are thus suitably used
because the insulating layer and the heat generating element
are easily formed with them.

The thickness of the substrate 221 may be determined in
consideration of strength, a heat capacity, and heat dissipa-
tion performance. Although a thin thickness of the substrate
221 leads to a small heat capacity and is thus advantageous
for quick starting, a problem such as distortion is likely to
occur when the heat generating element is heat-molded if the
thickness is too thin. Since the heater has a thin and long
plate shape, in particular, deformation into an arch shape
with the center portion in the longitudinal direction on the
side on which the heat generating element is formed
included as a projecting apex is likely to occur. On the
contrary, although a thick thickness of the substrate 221 is
advantageous in terms of distortion when the heat generating
element is heat-molded, an excessively thick thickness is
disadvantageous for quick starting due to a large heat
capacity. A preferable thickness of the substrate is about 0.1
mm to 2.0 mm in a case where a balance of mass production,
cost, and performance is taken into consideration.

For the substrate 221 in this example, a ferrite-based
stainless steel plate (SUS430:18Cr stainless steel) with a
width of 10 mm, a length of 300 mm, and a thickness of 0.1
mm is used as a material. A characteristic shape and molding
method of the substrate 221 according to the present inven-
tion will be described later in detail.

(3-2) Insulating Layer 222

Although the material of the insulating layer 222 is not
particularly limited, it is necessary to select a material with
heat resistance in view of the temperature in actual use. As
a material, glass or polyimide (PI) is preferably used in
terms of heat resistance, and selection of a specific powder
material in the case of glass may be appropriately performed
without damaging the properties of the present invention. A
heat conductive filler with an insulating property and the like
may be incorporated as needed.

It is generally preferable that a heater used in an image
forming apparatus have a dielectric strength of about 1.5 kV.
Therefore, the layer thickness of the insulating layer 222
may be secured in accordance with the material in order to
obtain the dielectric strength performance of 1.5 kV between
the heat generating element 223 and the substrate 221.

Although the molding method of the insulating layer 222
is not particularly limited, it is possible to smoothly mold the
insulating layer 222 by a screen printing method or the like
in one example. When an insulating layer of glass or
polyimide (PI) is formed on a substrate, it is necessary to
appropriately adjust the linear expansion coefficients of the
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substrate and the insulating layer material such that cracking
or peeling does not occur in the insulating layer due to a
difference between the linear expansion coefficients of the
materials. In this example, an insulating layer glass paste is
applied to the substrate 221 made of stainless by screen
printing, the resulting object is dried at 180° C. and is then
baked at 850° C., and the insulating layer 222 is thereby
formed. In this example, the insulating layer 222 with a layer
thickness of 50 pum is formed on the first surface 221g of the
substrate 221.

(3-3) Heat Generating Element 223

The heat generating element 223 is connected to a power
supply electrode, which is not illustrated, power is distrib-
uted to the heat generating element 223 by the power supply
connector 27 supplying power to the power supply elec-
trode, and the heat generating element 223 generates heat in
response to power distribution. The heat generating element
223 is obtained by printing a heat resistor paste obtained by
mixing a conductive component (A), a glass component (B),
and an organic binding component (C) on the insulating
layer 222 and baking the heat resistor paste. If the heat
resistor paste is baked, the organic binding component (C) is
burnt and disappears, the components (A) and (B) remain,
and the heat generating element 223 containing the conduc-
tive component and the glass component is thus formed.
Here, silver-palladium (Ag-Pd), ruthenium oxide (RuO,), or
the like is used alone or in combination as the conductive
component (A), and it is preferable to obtain a sheet resis-
tance value of 0.1 [€2/[]] to 100 [kQ/[]]. Also, there may be
no problem if other materials are contained in addition to (A)
to (C) described above as long as the amounts are very small
and properties of the present invention are not damaged.
Here, it is necessary to select a material that is softened and
melts at a temperature that is lower than the melting point of
the substrate 221 and to select a material with heat resistance
in view of the temperature in actual use, for the aforemen-
tioned heat resistor paste.

The heat generating element 223 in this example is
formed by the heat generating element paste obtained by
using silver-palladium (Ag-Pd) as a conductive component
and additionally incorporating a glass component and an
organic binding component. After the heat generating ele-
ment paste is applied to the substrate 221 with the insulating
layer 222 provided thereon by screen printing, the resulting
object is dried at 180° C. and is then baked at 850° C., and
the heat generating element 223 is formed on the side of the
first surface 221g of the substrate 221. The heat generating
element 223 after the baking has a thickness of 15 pum, a
length of 220 mm, and a width of 1.1 mm.

(3-4) Power Supply Electrode and Power Conduction Pat-
tern

The power supply electrode and the power conduction
pattern are provided for the purpose of supplying power to
the heat generating element 223. The power supply electrode
and the power conduction pattern, which are not illustrated,
contain silver (Ag), platinum (Pt), gold (Au), a silver-
platinum (Ag-Pt) alloy, a silver-palladium (Ag-Pd) alloy, or
the like as a main constituent. The power supply electrode
and the power conduction pattern are formed by printing the
paste obtained by mixing the conductive component (A), the
glass component (B), and the organic binding component
(C) on the substrate 221 with the insulating layer 222
provided thereon and baking it, similarly to the heat gener-
ating element paste.

(3-5) Protective Layer 224

The protective layer 224 is a layer that is provided on the
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223 to protect the heat generating element 223 and secure
slidability with the film 23. As a material, glass or polyimide
(PI) is preferably used in terms of heat resistance, and a heat
conductive filler with an insulating property or the like may
be incorporated as needed.

The protective layer 224 is formed on the insulating layer
by a protective layer glass paste being applied to the heat
generating element 223 by screen printing, drying the result-
ing object at 180° C., and baking it at 850° C. The layer
thickness of the protective layer 224 in this example is 50
(4) Shape of Substrate 221

As illustrated in FIG. 6A, the substrate 221 in this
example is a member that is longer in the longitudinal
direction and is made of metal, and the insulating layer 222
and the heat generating element 223 are provided at a
center-part planar portion 221a. In this example, the sub-
strate 221 is long in the same direction as the longitudinal
direction of the film 23. Also, the substrate 221 has a shape
bent over the entire region in the longitudinal direction.
Hereinafter, the shape of the substrate 221 of the heater 22
will be described in detail.

The substrate 221 is bent such that an end portion side in
the transverse direction that is orthogonal to the longitudinal
direction approaches the side of the pressurizing roller 30 in
the thickness direction at the center-part planar portion 221a
of the substrate 221. In addition, an end-side planar portion
2215 that is substantially parallel with the center-part planar
portion 221a is provided at both ends of the substrate 221 in
the transverse direction such that it is located on the side
closer to the pressurizing roller 30 (the side closer to the heat
generating element 223) than the center-part planar portion
221aq is. In this example, the substrate 221 is molded by
drawing-press, and a drawing depth d1 of the substrate 221
corresponding to the amount of level difference between the
center-part planar portion 221a and the end-side planar
portion 2215 is 50 pm.

The shape of the substrate 221 will be described in more
detail. The substrate 221 includes four bent portions that are
bent over the entire regions in the longitudinal direction. The
substrate 221 includes a first bent portion 221c¢ that is bent
on the side of the pressurizing roller 30 on the side of one
end in the transverse direction located on the upstream side
in the conveying direction of the recording material P and a
second bent portion 2214 that is bent on the upstream side
in the conveying direction on the side closer to the one end
than the first bent portion. The substrate 221 further includes
a third bent portion 221e that is bent on the side of the
pressurizing roller 30 on the side of the other end, which is
the side opposite to the one end, located on the downstream
side in the conveying direction of the recording material P
and a fourth bent portion 221f'that is bent on the downstream
side in the conveying direction on the side closer to the other
end than the third bent portion. In this example, the end-side
planar portion 2215 includes the second bent portion 2214
and the fourth bent portion 221/, and the second bent portion
221d and the fourth bent portion 221f have planes that are
parallel with the center-part planar portion 221a. In other
words, since the substrate is formed by bending a flat plate
material a plurality of number of times, the center-part
planar portion 221a and the end-side planar portion 2215 are
provided substantially parallel to each other with specific
amounts of level difference.

A region on the center side including the center-part
planar portion 221a of the first surface 221g on which the
insulating layer 222 is provided is defined as a first region
R1, a region on the side of one end portion with respect to
the first region R1 is defined as a second region R2, and a



US 12,061,429 B2

11

region on the side of the other end with respect to the first
region R1 is defined as a third region R3 in the transverse
direction of the substrate 221. At this time, it is possible to
state that the second region R2 includes the first bent portion
221c¢ and the second bent portion 2224, and the third region
R3 includes the third bent portion 221e and the fourth bent
portion 221f'instead in this example. In other words, the first
region R1 of the substrate 221 is a plane, and the second
region R2 and the third region R3 are bent from the first
region R1. Also, each of the second region R2 and the third
region R3 includes a part of the end-side planar portion
221b. A bending strength of the substrate 221 in the thick-
ness direction is improved as compared with a simple flat
plate shape by providing such a plurality of bent portions.

Note that the aforementioned bending does not always
mean that the substrate is formed by performing bending
processing such as drawing pressing on the plate material.
For example, it is possible to obtain an effect of improving
responsiveness to a decrease in amount of warpage and a
change in temperature of the film, which will be described
later, even with a configuration in which a substrate is
provided by forming a similar shape by means such as
casting or cutting. In other words, although the substrate is
molded using drawing pressing as a working method by
which it is possible to expect easiness of working and the
effect of improving strength of the substrate due to plastic
working in this example, the method of molding the sub-
strate is not limited to plastic working.

(5) Effects and Advantages

In order to check effects and advantages of the present
invention, an evaluation test including comparative
examples was carried out. The amounts of warpage of the
heaters, adjusted temperatures at which fixing was able to be
achieved, and loadability were evaluated under conditions of
this example and the comparative examples.

The evaluation test was carried out using three types of
heaters in this example and two comparative examples. FIG.
7A is a schematic view illustrating a configuration of a
heater 52 in Comparative Example 1, and FIG. 7B is a
schematic view illustrating a configuration of a heater 62 in
Comparative Example 2. In Comparative Example 1, a flat
plate-shaped substrate 521 on which no molding working
had been performed was included, an insulating layer 522,
a heat generating element 523, and a protective layer 524
were provided on the front surface side of the substrate 521,
and an insulating layer 525 of the same material as that of
the insulating layer 522 was also provided on the rear
surface side. In Comparative Example 2, a flat plate-shaped
substrate 621 on which molding working had not been
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performed was included similarly to Comparative Example
1. In Comparative Example 2, an insulating layer 622 was
provided only on the front surface side of the substrate
similarly to this example, and a heat generating element 623
and a protective layer 624 were provided thereon. The other
configurations such as the thicknesses and the lengths in the
longitudinal direction of the substrates in Comparative
Example 1 and Comparative Example 2 are similar to those
in Example 1.

For measurement of the amounts of warpage of the
heaters, the heaters were disposed on a horizontal platform
such that the front surfaces of the substrates with the heat
generating elements provided thereon became upper sur-
faces, and the heights of the projecting apexes at the center
portions of the heaters in the longitudinal direction on the
rear surface side from the platform were defined as the
amounts of warpage. Since it is possible to assemble the
heaters with the heater holders along the heater holders with
satisfactory operability if the amounts of warpage were not
more than 3 mm, the amounts of warpage within a range of
0 to 3 mm were evaluated as passing (OK) the test.

As a test for evaluating the adjusted temperature, the
heaters were left in a stopped state in which standby tem-
perature adjustment was not performed for about one hour,
and 250 papers were fed in a single-sided feeding manner
from a cold state. As a recording material in this test, Xerox
Vitality (75 g/m?, LTR) was used. A solid black pattern of
printing a toner on the entire surface as a printing rate pattern
was used to calculate the adjusted temperature. A lower
adjusted temperature was better for the fixing device in
terms of energy saving and power saving.

As a test for evaluating loadability, the heaters were left
in a stopped state in which standby temperature adjustment
was not performed for about one hour, and 250 papers were
fed in a double-sided feeding manner from a cold state. As
a recording material in this test, Xerox Vitality (75 g/m?,
LTR) was used. The loadability was evaluated on the basis
of the number of pieces of recording material that could be
loaded after the papers were fed to the discharge tray 11. The
number of loadable pieces is affected by the degrees of
curling of the recording material, and the amount of curling
of the recording material increased while the number of
loadable pieces decreased in heaters or fixing devices that
gave excessive heat to the recording material.

Table 1 shows main configurations and results of evalu-
ating the amounts of warpage and assembling properties
when the heaters were molded, fixability, and loadability in
this example and the comparative examples. The assembling
properties was shown as OK when the amounts of warpage
were not more than 3 mm and as NG otherwise.

TABLE 1
Fixability and
loadability evaluation
Total thickness Number of
of insulating Thickness of pieces of
layer (front insulating Heater evaluation loadable
surface side) Substrate layer (rear Amount of Adjusted  recording
and protective drawing surface side) warpage  Assembling temp. material
layer [um]  depth [um]  [um] [mm]  property  [°C] [pieces]
Example 1 100 50 0 2.8 OK 190 200
Comparative 100 0 100 0.1 OK 200 50
Example 1
Comparative 100 0 0 11.0 NG 195 100

Example 2
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In Example 1, the amount of warpage of the heater 22 was
2.8 mm, and the assembling property was not problematic.
Also, the adjusted temperature was 190° C., and the number
of pieces of loadable recording material was 200 pieces.

In Comparative Example 1, the amount of warpage of the
heater 52 was 0.1 mm. As a result, it was found that warpage
was able to be curbed by the insulating layer 525 being
provided on the surface on the side opposite to the surface
on which the heat generating element 223 was formed
thereon as well.

However, the adjusted temperature in Comparative
Example 1 was 200° C., which was higher than that in
Example 1, and the number of pieces of loadable recording
material was 50 pieces, which was also a result that was
smaller than that in Example 1. Since sensitivity of the
thermistor 25 detecting a change in temperature of the film
23 was degraded due to an influence of a heat resistance of
the insulating layer 525 in Comparative Example 1 as
compared with Example 1, the adjusted temperature
increased, the curling of the recording material also further
increased, and the number of loadable pieces decreased. In
other words, it was not possible to achieve a balance
between both curbing of warpage of the heater and detection
of a change in temperature of the film with satisfactory
responsiveness in Comparative Example 1.

In Comparative Example 2, the amount of warpage of the
heater 62 was 11 mm, and difficulty was found in the
assembling property. Since the bending strength of the
substrate in the thickness direction was enhanced by the
substrate being bent in Example 1, the amount of warpage
significantly decreased in Example 1 as compared with
Comparative Example 2 in which the same layer configu-
ration was included.

Also, the adjusted temperature in Comparative Example 2
was 195° C., and the number of pieces of loadable recording
material was 100 pieces. Although the insulating layer was
provided only on one surface of the substrate in both
Comparative Example 2 and Example 1, the drawing depth
d1 of 50 um was formed in the substrate in Example 1, and
the end portion of the substrate in the transverse direction
was located closer to the inner circumferential surface of the
film as compared with the substrate in Comparative
Example 2. In other words, heat of the film 23 was trans-
mitted to the substrate 221 not only via the protective layer
224, and the heat was easily transmitted to the substrate 221
directly from the film 23 in Example 1. Therefore, since it
is possible to more sensitively sense a change in temperature
of the film 23 in Example 1 than in Comparative Example
2, the adjusted temperature was lower, and the number of
loadable pieces increased, in Example 1 than in Compara-
tive Example 2.

As described above, it was possible to curb a decrease in
adjusted temperature and curling of the recording material
by detecting a change in temperature of the film with
satisfactory responsiveness while curbing warpage gener-
ated when the heater was molded to such an extent that no
problem occurs in assembling and to increase the number of
loadable pieces according to the present invention. In other
words, it was possible to curb warpage of the heater without
providing the insulating layer on both surfaces of the sub-
strate by bending the substrate such that the side of the end
portion of the substrate in the transverse direction
approached the side of the pressurizing roller (the side of the
heat generating element) in the thickness direction. Further-
more, one side of the substrate was not provided with the
insulating layer, it is thus possible to detect a change in
temperature of the film with satisfactory responsiveness.
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The above effects and advantages of the present invention
are more useful in a high-speed machine, in particular. In a
case where a toner printing rate of a graphic pattern or the
like is high, for example, the temperature of the film
significantly drops when the recording material passes
through the nip portion. If responsiveness to a change in
temperature of the film is poor at this time, the recording
material falls out of the nip portion N before a decrease in
temperature of the film is fed back to power distribution
control of the heater. Thus, in a case in which the respon-
siveness to a change in temperature of the film is poor, it is
necessary to set a high adjusted temperature that satisfies
fixability under a condition that a decrease in temperature of
the film is large. On the other hand, at the time of second side
printing performed after paper passes through the nip por-
tion and the nip portion is warmed at the time of the first side
printing at the time of double-sided printing, the amount of
decrease in temperature of the film is relatively smaller than
that of the first side. Therefore, if the adjusted temperature
is high, there is a concern that loadability may be degraded
due to an excessive increase in amount of heat applied to the
recording material by the nip portion (excessive temperature
rise of the recording medium) and an increase in amount of
curling of the recording material. According to the present
invention, it is possible to detect a change in temperature of
the film with satisfactory responsiveness and thereby to
realize a decrease in adjusted temperature and curbing of
curling of the recording material.

Next, Modification Example 1 will be described as a
modification example of Example 1 with reference to FIGS.
8 and FIGS. 9A and 9B. FIG. 8 is a perspective view
illustrating a section of a fixing device 39 provided with a
heater 32 according to Modification Example 1. FIG. 9A is
a perspective view illustrating a substrate 321 of the heater
32, and FIG. 9B is a sectional view of the fixing device 39
illustrating a part near the heater 32. The same reference
signs will be applied to configurations that are similar to
those in Example 1, and description thereof will be omitted
in Modification Example 1. Modification Example 1 is
characterized in that the amount of warpage of the heater 32
is curbed as compared with the configuration in Example 1,
as a configuration in which an insulating layer 325 is
provided on the side of a second surface 321/ of the
substrate 321 without damaging temperature responsiveness
of the thermistor 25. In other words, an insulating layer 322
is provided as a first insulating layer on a first surface 321g
of the substrate 321, and an insulating layer 325 is provided
as a second insulating layer on a second surface 321/ in
Modification Example 1.

In Modification Example 1, the thickness of the insulating
layer 325 on the side of the second surface 321/ is 50 and
the drawing depth d3 of the substrate 321 corresponding to
the amount of level difference between a center-part planar
portion 321a and an end-side planar portion 3215 is 50 The
total thickness of the insulating layer 322 and the protective
layer 324 formed on the side of the first surface 321g is set
to 100 um similarly to Example 1.

Table 2 shows main configurations in this example, a
comparative example, and Modification Example 1, and
results of evaluating the amounts of warpage and assembling
properties at the time of molding the heaters, fixation, and
loadability. As for the assembling properties, the amounts of
warpage of not more than 3 mm were described as OK, and
the others were described as NG in the table.
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TABLE 2
Fixability and
loadability evaluation
Total thickness Number of
of insulating Thickness of pieces of
layer (front Substrate  insulating Heater evaluation loadable
surface side) drawing layer (rear Amount of Adjusted  recording
and protective depth surface side) warpage  Assembling temp. material
layer [um] [um] [um] [mm]  property  [°C] [picces]
Example 1 100 50 0 2.8 OK 190 200
Comparative 100 0 100 0.1 OK 200 50
Example 1
Comparative 100 0 0 11.0 NG 195 100
Example 2
Modification 100 50 50 1.4 OK 195 100
Example 1

As shown in Table 2, the adjusted temperature was 195°
C. because the insulating layer 325 was provided on the side
of'the second surface 321/ in this modification example, and
the number of pieces of loaded recording material decreased
from 200 to 100 due to degradation of the fixability by the
amount corresponding to 5° C. from the configuration in
Example 1. On the other hand, the amount of warpage of the
heater 32 in Modification Example 1 was 1.4 mm, and the
warpage decreased at the time of molding of the heater as
compared with Example 1. This is because the insulating
layer was provided only on one surface of the substrate in
Example 1, while in Modification Example 1, the insulating
layer 325 was provided on the side of the second surface
321% and the insulating layers were provided on both the
first surface 321g and the second surface 321/ of the
substrate 321. In other words, the configuration in which the
insulating layers are provided on both surfaces of the
substrate as in Modification Example 1 is advantageous
from the viewpoint of achieving both the fixability and the
amount of warpage of the heater in the configuration
required to have assembling precision, in particular.

Also, although both the upstream side and the down-
stream side of the substrate in the conveying direction were
bent to approach the inner circumferential surface of the film
in this example, it is also possible to obtain the effect of
curbing warpage of a flat substrate in the related art even
with a configuration in which any one side of them is bent
in another modification example. Furthermore, although the
end-side planar portions were provided at both ends of the
substrate in the transverse direction in this example, a
modification example in which the substrate includes only
two bent portions such that both ends of the substrate in the
transverse direction extend to be substantially parallel with
the thickness direction without having the end-side planar
portions for saving a space of the apparatus is also conceiv-
able.

Next, Modification Example 2 will be described as a
modification example of Example 1 with reference to FIG.
10 and FIGS. 11A and 11B. FIG. 10 is a perspective view
illustrating a section of a fixing device 49 provided with a
heater 42 according to Modification Example 2. FIG. 11A is
a perspective view illustrating a substrate 421 of a heater 42,
and FIG. 11B is a sectional view of the fixing device 49
illustrating a part near the heater 42. The same reference
signs will be applied to configurations in Modification
Example 2 that are similar to those in Example 1, and
description thereof will be omitted. The fixing device 49 in
Modification Example 2 is different from that in Example 1
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in that the folding direction in the short side direction that is
orthogonal to the longitudinal direction of the substrate 421
of the heater is opposite to that in Example 1 and the
substrate 421 is configured to be folded on the side of the
thermistor 25. In other words, the substrate 421 is folded
such that the end of the substrate 421 in the transverse
direction is separated from the pressurizing roller 30 in
Modification Example 2.

As illustrated in FIG. 11A, the end portion of the substrate
421 in the transverse direction is bent in the direction on the
side opposite to the surface on which the heat generating
element 423 is provided in the thickness direction of the
substrate 421. In other words, the end portion of the sub-
strate 421 in the transverse direction is bent in the direction
away from the insulating layer 422 and the protective layer
424. Also, the substrate 421 is configured such that the
end-side planar portions are not included and the substrate
includes only two bent portions such that both ends of the
substrate in the transverse direction extend to be substan-
tially parallel with the thickness direction, and space saving
for the fixing device 49 is realized. The bent portions extend
over the entire range of the substrate 421 in the longitudinal
direction, and the substrate 421 in this example is molded by
drawing pressing working. For Modification Example 2, the
assembling properties, fixability, and loadability of the
heater in each of a case where the folding depth d4 of the
substrate 421 was set to 50 um and a case where the folding
depth d4 of the substrate 421 was set to 150 um were
evaluated.

Also, as illustrated in FIG. 11B, the bent portion of the
substrate 421 on the side of the thermistor 25 is disposed in
anotch groove 211 provided in a heater holder 21. The notch
groove 211 of the heater holder 21 is formed over the entire
range in the longitudinal direction, and a groove depth d4/
is set in consideration of a tolerance and an influence of
thermal expansion of the folded portions of the substrate
421. Specifically, the groove depth d4/ is set to 150 pm in
a case where the folding depth d4 of the substrate 421 is 50
um, and the groove depth d4/ is set to 250 um in a case in
where the folding depth d4 is 150 um. The groove depth d4/
of'the notch groove is set to ensure that the groove depth d4/
is larger than the folding depth d4 and the heater 42 abuts the
holding surface of the heater holder 21 in consideration of a
manufacturing tolerance and the like. Also, the groove depth
d4/ of the notch groove is set within a range in which there
are no influences such as deflection or the like generated
when the heater holder 21 is pressurized by the pressurizing
roller 30.
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Table 3 shows main configurations in this example, a
comparative example, and Modification Example 2, and
results of evaluating the amounts of warpage and assembling
properties at the time of molding the heaters, fixation, and
loadability. As for the assembling properties, the amounts of
warpage of not more than 3 mm were described as OK, and
the others were described as NG in the table.

5

18
are similar to those in Example 1 are employed for other
configuration in an image forming apparatus and a fixing
device in Example 2, similar reference signs will be applied,
and description thereof will be omitted. Hereinafter, char-
acteristic configurations in Example 2 will be described in
detail.

TABLE 3
Fixability and
Total loadability evaluation
thickness of Number of
insulating Thickness of pieces of
layer (front Substrate insulating Heater evaluation loadable
surface side) drawing/ layer (rear Substrate  Amount of Adjusted  recording
and protective folding surface side) folding warpage  Assembling temp. material
layer [um] depth [um] [pm] direction [mm] property [°C.] [pieces]
Example 1 100 50 0 film 2.8 OK 190 200
23 side
Modification 100 50 0 Thermistor 2.8 OK 195 100
Example 2 25 side
150 0 Thermistor 0.8 OK 195 100
25 side
Comparative 100 0 100 — 0.1 OK 200 50
Example 1
Comparative 100 0 0 — 11.0 NG 195 100
Example 2

As shown in Table 3, the amount of warpage of the heater
was 2.8 mm in a case where the folding depth d4 of the
substrate 421 was 50 pum, and the amount of warpage of the
heater was 0.8 mm in a case where the folding depth d4 of
the substrate 421 was 150 pm in Modification Example 2. In
other words, a result that the amount of warpage of the
heater decreased as the folding depth d4 of the substrate 421
increased was obtained. Also, in regard to the result of
evaluating fixability and loadability, the adjusted tempera-
ture was 195° C. regardless of the folding depth d4 of the
substrate 421, and the number of pieces of loaded recording
material was 100, which was the result that an improvement
by 5° C. was achieved as compared with Comparative
Example 1. On the other hand, the reason that the adjusted
temperature was raised by 5° C. in Modification Example 2
as compared with the configuration in Example 1 was
because the effect that a change in temperature of the film 23
was likely to be transmitted directly to the substrate 421 was
reduced due to the change in folding direction of the
substrate 321 to the side of the thermistor 25.

As described above, it is possible to reduce the amount of
warpage of the heater at the time of molding of the heater 42
by increasing the folding depth d4 of the substrate 421, and
an improvement of the assembling property is expected.
Also, it is possible to detect a change in temperature of the
film with satisfactory responsiveness by the insulating glass
layer being not provided on the side opposite to the surface
on which the heat generating element 423 is provided
similarly to Example 1 and thereby to lower the adjusted
temperature and to curb curling of the recording material.

Example 2

Next, Example 2 according to the present invention will
be described. A fixing device 79 in Example 2 is different
from that in Example 1 in that both end portions of a
substrate of a heater in the transverse direction abut an inner
circumferential surface of a film. Since configurations that
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FIG. 12 is a perspective view illustrating a section of the
fixing device 79 provided with a heater 72 in this example.
FIG. 13A is a perspective view illustrating a substrate 721 of
the heater 72, and FIG. 13B is a sectional view of the fixing
device 79 illustrating a part near the heater 72.

The heater 72 includes a thin and long plate-shaped
substrate 721 containing metal as a main material, a heat
generating element 723 that generates heat in response to
power distribution, an insulating layer 722 that insulates the
heat generating element 723 from the substrate 721, and a
protective layer 724 that protects the heat generating ele-
ment 723 in this example as well.

As illustrated in FIG. 13A, the substrate 721 in this
example is a member that is longer in the longitudinal
direction and is made of metal and includes the insulating
layer 722 and the heat generating element 723 provided at a
center-part planar portion 721a. An end portion side of the
substrate 721 in the transverse direction that is orthogonal to
the longitudinal direction is bent to approach the side of the
pressurizing roller 30 in the thickness direction of the
substrate 721. Also, end-side planar portions 7215 that are
substantially parallel with the center-part planar portion
721a are provided at both ends of the substrate 721 in the
transverse direction to be located on the side of the pres-
surizing roller 30 (the side of the heat generating element
723). Also, the substrate 721 also include a plurality of bent
portions 721c¢ to 721f formed over the entire range in the
longitudinal direction. In this example, the substrate 721 is
molded by drawing pressing working, and a drawing depth
d2 of the substrate 721 that is the amount of level difference
between the center-part planar portion 721« and the end-side
planar portions 7215 is 150 pm.

In the transverse direction of the substrate 721, a region
on the center side including the center-part planar portion
721a of a first surface 721g on which the insulating layer
722 is provided is defined as a first region R1, a region on
one end portion side with respect to the first region R1 is
defined as a second region R2, and a region on the other end
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portion side with respect to the first region R1 is defined as
a third region R3. At this time, it is possible to state that the
second region R2 includes the first bent portion 721¢ and the
second bent portion 7224 while the third region R3 includes
the third bent portion 721e and the fourth bent portion 7211
instead in this example. In other words, the first region R1
of the substrate 721 is a plane, and the second region R2 and
the third region R3 are bent from the first region R1. Also,
each of the second region R2 and the third region R3
includes a part of the end-side planar portion 7215.

As described above, the drawing depth in this example is
set to be larger than that in Example 1, and the drawing
depth d2 is larger than the total thickness of the insulating
layer 722 and the protective layer 724. Therefore, the
end-side planar portions 7215 of the substrate 721 of the
heater 72 are configured to project on the side closer to the
pressurizing roller 30 than the protective layer 724 in the
thickness direction. In other words, the fixing device 79 in
this example is different from that in Example 1 in that the
end-side planar portions 7215 provided at the end portions
of the substrate 721 in the transverse direction abut the inner
surface of the film 23. In the fixing device 79, the film 23
slides against the protective layer 724 and the substrate 721
of the heater 72 and the heater holder 21.

The test for evaluating the amount of warpage of the
heater, fixability, and the loadability performed in Example
1 and the comparative examples was carried out for this
example as well. Moreover, the lifetimes of the fixing
devices were additionally evaluated for comparison between
Example 1 and Example 2. For the lifetimes of the fixing
devices, a paper feeding duration test was performed on
Xerox Vitality (75 g/m*, LTR) in an environment at an
atmosphere temperature of 33° C. and a humidity of 80%,
and the evaluation was performed on the basis of the number
of fed papers until JAM due to a conveyance failure
occurred in a case of intermittent paper feeding.

Table 4 shows main configurations in this example and
Example 1, and results of evaluating the amounts of warpage
and assembling properties at the time of molding the heaters,
fixation, and loadability, and lifetimes of the fixing devices.
As for the assembling properties, the amounts of warpage of
not more than 3 mm were described as OK, and the others
were described as NG in the table.
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bending strength of the substrate was more excellent in
Example 2. In other words, a larger drawing depth of the
substrate is better to curb warpage of the heater.

Also, the adjusted temperature was lowered, and the
number of pieces of recording material that could be loaded
increased in Example 2 as compared with Example 1. This
is because the substrate 721 in Example 2 abuts the inner
circumferential surface of the film 23 at the end-side planar
portions 7216 and it is thus possible to more sensitively
sense a change in temperature of the film 23 in Example 2
than in Example 1. In other words, the substrate of the heater
located closer to the inner circumferential surface of the film
is better in order to lower the adjusted temperature and to
increase the number of pieces of recording material that can
be loaded.

On the other hand, the lifetime of the fixing device in
Example 2 was inferior to the result of Example 1. This is
because the film 23 rotates while sliding against the sub-
strate 721 in the fixing device 79 in Example 2. If paper
feeding is repeatedly performed in the state in which the film
is sliding against the substrate, the inner circumferential
surface of the film is gradually scraped, and the rotation
resistance of the film increases due to the scraping of the
inner circumferential surface of the film. In other words,
since the rotation resistance of the film 23 increased and the
ability of conveying the recording material was degraded in
Example 2, JAM due to a conveyance failure occurred with
a smaller number of pieces of recording material than in
Example 1, and the lifetime of the fixing device was
shortened. In other words, a configuration in which the
substrate of the heater does not come into contact with the
film is preferable in order to improve the lifetime of the
fixing device.

If the configuration in which the substrate of the heater is
caused to abut the inner circumferential surface of the film
as in Example 2 is employed as described above, it is
possible to expect an improvement in effect of curbing
warpage of the heater, lowering of the adjusted temperature,
and an effect of increasing the number of pieces of recording
material that can be loaded instead of shortening of the
lifetime of the fixing device as compared with a configura-
tion in which the substrate is not caused to abut the inner
circumferential surface of the film. Such a configuration of

TABLE 4
Fixability and
loadability evaluation
Total thickness Number of
of insulating pieces of
layer (front Substrate Heater evaluation loadable  Lifetime
surface side) drawing Amount of Adjusted  recording  of fixing
and protective depth warpage  Assembling temp. material device
layer [um] [um] [mm] property [°C] [pieces] [prints]
Example 1 100 50 2.8 oK 190 200 200,000
Example 2 100 150 0.8 oK 180 250 100,000

In Example 2, the amount of warpage of the heater 72 was
0.8 mm, and the assembling property was not problematic.
Also, the adjusted temperature was 180° C., the number of
pieces of recording material that could be loaded was 250
pieces, and the lifetime of the fixing device was 100 thou-
sand prints.

In Example 2, the amount of warpage of the heater
significantly decreased as compared with Example 1. This is
because the drawing depth of the substrate is larger and the
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the fixing device is suitable for a printer or the like for
individuals for which a long lifetime of the product is not
regarded as being important, for example.

Modification Example 3 will be described as a modifica-
tion example of Example 2 with reference to FIGS. 14A and
14B. FIG. 14A is a perspective view illustrating a substrate
821 of a heater 82 according to Modification Example 3, and
FIG. 14B is a sectional view of a fixing device 89 illustrating
a part near the heater 82. The same reference signs will be
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applied to configurations in Modification Example 3 that are
similar to those in Example 2, and description thereof will
be omitted.

In Modification Example 3, the drawing depth d5 of the
substrate 821 which is the amount of level difference
between the center-part planar portion 821a and the end-side
planar portions 8215 is set to 100 um. Also, slidability of the
heater 82 and the film 23 is improved by forming the
protective layer 824 to cover the end-side planar portions
8215 as well in addition to the center-part planar portion
821a of the substrate 821. At the end-side planar portions
8215 of the substrate 821, the protective layer 824 is
provided directly on the substrate 821, and the insulating
layer 822 does not intervene between the substrate 821 and
the protective layer 824. In other words, a center portion
824a of the protective layer 824 is in contact with the
insulating layer 822, and an end portion 82454 is in contact
with the substrate 821. In the configuration in Modification
Example 3, the thickness of the end portion 8244 of the
protective layer 824 covering the end-side planar portions
8215 of the substrate 821 is set to 50 pum, and the height from
the center-part planar portion 821a to the end portion 8245
is set to be the same value as the substrate drawing depth in
Example 2.

Table 5 shows main configurations in Examples 1 and 2
and Modification Example 3, and results of evaluating the
amounts of warpage and assembling properties at the time of
molding the heaters, fixation, and loadability, and lifetimes
of the fixing devices. As for the assembling properties, the
amounts of warpage of not more than 3 mm were described
as OK, and the others were described as NG in the table.
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improving the lifetime of the fixing device instead of slight
reduction of the number of pieces of recording material that
can be loaded as compared with Example 2 by employing
the heater configuration as in Modification Example 3.

Next, Modification Example 4 will be described as a
modification example of Example 2 with reference to FIGS.
15A and 15B. FIG. 15A is a perspective view illustrating a
substrate 921 of a heater 92 according to Modification
Example 4, and FIG. 15B is a sectional view of a fixing
device 99 illustrated a part near the heater 92. The same
reference signs will be applied to configurations in Modifi-
cation Example 4 that are similar to those in Example 2, and
description thereof will be omitted. Modification Example 4
is configured by changing the thicknesses of an insulating
layer 922 and a protective layer 924 from Modification
Example 3.

Modification Example 4 is configured such that the sur-
face shape of the protective layer 924 abutting an inner
surface of the film 23 is one plane by adjusting the thick-
nesses of the insulating layer 922 and the protective layer
924 formed on a center-part planar portion 921a and end-
side planar portions 9215 of a substrate 921. In other words,
the thickness of the protective layer 924 is substantially the
same at a center portion 924a and end portions 9246 in
Modification Example 4. It is possible to apply the present
invention to a fixing configuration requiring a wider nipping
width such as a high-speed machine by employing a heater
shape with the protective layer 924 substantially on a plane.

Also, working to improve slidability, such as alumite
treatment or release agent application, may be performed on
the surface of the substrate in order to extend the lifetime of

TABLE 5
Fixability and
loadability evaluation
Total thickness Number of
of insulating Thickness of  Thickness of pieces of
layer (front Substrate protective insulating Heater evaluation loadable  Lifetime
surface side) drawing layer on end layer (rear Amount of Adjusted  recording  of fixing
and protective depth portion planar surface side) warpage  Assembling temp. material device
layer [um] [um]  portion [um] [um] [mm]  property  ["C.] [piecces] [prints]
Example 1 100 50 0 0 2.8 oK 190 200 200,000
Example 2 100 150 0 0 0.8 oK 180 250 100,000
Modification 100 100 50 0 1.4 oK 185 225 200,000
Example 3

Since the amount of warpage of the heater in Modification
Example 3 was 1.4 mm. Although the amount of warpage
slightly increased as compared with the configuration in
Example 2 since the drawing depth d5 in Modification
Example 3 was 100 um and the drawing depth d5 decreased
by 50 um as compared with the configuration in Example 2,
the result showed that the assembling property was not
problematic. Also, the protective layer 824 was also pro-
vided at the end-side planar portions 8215 of the substrate
821, and the lifetime of the fixing device was improved from
100 thousand prints in Example 2 to 200 thousand prints due
to the effect of improving slidability between the heater 82
and the film 23. On the other hand, the adjusted temperature
was 185° C. which was higher than 180° C. in Example 2 by
5° C. due to the protective layer 824 on the end-side planar
portions 8215 inhibiting heat transmission, and the number
of pieces of recording material that could be loaded slightly
degraded from 250 pieces to 225 pieces.

As described above, it is possible to obtain the effect of
curbing warpage of the heater and to expect the effect of
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the fixing device in yet another modification example of a
configuration in which the substrate of the heater is caused
to abut the inner circumferential surface of the film.

Example 3

Next, Example 3 according to the present invention will
be described with reference to FIG. 16 and FIGS. 17A and
17B. This example is characterized in that a heat dissipating
member 81 is provided between a heater 102 and a film 23
to dissipate and uniformize temperature distribution of the
amount of heat generation generated by a heat generating
element of the heater 102. Since configurations that are
similar to those in Example 1 are employed for the other
configurations of an image forming apparatus and a fixing
device in Example 3, description thereof will be omitted.
Hereinafter, characteristic configurations in Example 3 will
be described in detail.

FIG. 16 is a perspective view illustrating a section of a
fixing device 109 provided with the heater 102 in this
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example. FIG. 17A is a schematic view illustrating a con-
figuration of the heater 102, FIG. 17B is a sectional view of
the fixing device 109 illustrating a part near the heater 102.
In this example, the heat dissipating member 81 that is
longer in the same direction as that of the heater 102 is
provided between the heater 102 and the film 23.

The heater 102 includes a thin and long plate-shaped
substrate 1021 containing metal as a main material, a heat
generating element 1023 that generates heat in response to
power distribution, an insulating layer 1022 that insulates
the heat generating element 1023 from the substrate 1021,
and a protective layer 1024 that protects the heat generating
element 1023 in this example as well.

As illustrated in FIG. 17A, the substrate 1021 in this
example is a member that is longer in the longitudinal
direction and is made of metal and is provided with the
insulating layer 1022 and the heat generating element 1023
at a center-part planar portion 1021a. The substrate 1021 is
bent on an end portion side in the transverse direction that
is orthogonal to the longitudinal direction to approach the
side of the pressurizing roller 30 in the thickness direction of
the substrate 1021. Also, end-side planar portions 10215 that
are substantially parallel with the center-part planar portion
10214 are provided at both ends of the substrate 1021 in the
transverse direction such that the end-side planar portions
10215 are located on the side of the pressurizing roller 30
(the side of the heat generating element 1023). Also, the
substrate 1021 also includes a plurality of bent portions
formed over the entire range in the longitudinal direction.

In the transverse direction of the substrate 1021, a region
on the center side of the surface on which the insulating
layer 1022 is provided is defined as a first region R1, a
region on the side of one end portion with respect to the first
region R1 is defined as a second region R2, and a region on
the side of the other end portion with respect to the first
region R1 is defined as a third region R3. At this time, each
of'the second region R2 and the third region R3 includes two
bent portions in this example. In other words, the first region
R1 of the substrate 1021 is a plane, and the second region R2
and the third region R3 are bent from the first region R1.

In this example, the substrate 1021 is molded by drawing
pressing working, and the drawing depth dé of the substrate
1021 that is the amount of level difference between the
center-part planar portion 1021a and the end-side planar
portions 10215 is 100 um. The thickness of the substrate
1021 is 0.5 mm, the length .1 of the center-part planar
portion in the transverse direction is 6 mm, and the length .2
of the heater 102 in the transverse direction is 8 mm.

The heater 102 in this example is configured such that the
drawing depth d6 of the substrate 1021 is substantially the
same as the total thickness of the insulating layer 1022 and
the protective layer 1024 on the center-part planar portion
10214 and the surface of the protective layer 1024 and the
end-side planar portions 10215 are on substantially the same
plane. With such a configuration, both the end-side planar
portions 10215 and the protective layer 1024 are in contact
with the heat dissipating member 81 as illustrated in FIG.
17B.

The heat dissipating member 81 is a metal plate with both
end portions in the transverse direction folded on the side of
the thermistor 25 and with a substantially C-shaped section.
It is desirable that the heat dissipating member 81 be a metal
plate with a thickness within a range of 0.2 mm to 1.0 mm.
As the heat dissipating member 81, it is possible to use a
metal thin plate of stainless steel, an aluminum alloy, or iron,
for example. Furthermore, it is desirable that processing (for
example, glass coating or hard chromium coating) for low-
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ering a frictional coefficient and enhancing abrasion resis-
tance be performed on a sliding surface of the heat dissi-
pating member 81 against the film 23.

In this example, stainless steel with a plate thickness of
0.5 mm was used as the heat dissipating member 81. The
heat dissipating member 81 was formed by performing
folding working on the thin stainless steel plate at a position
of'an end portion in the transverse direction to have a length
of 0.6 mm at the folded portion. The length of the heat
dissipating member 81 in the transverse direction after the
folding working was 9.0 mm, and glass coating with a
thickness of 50 um was performed on the sliding portion
against the film 23.

Also, a part between the heater 102 and the heat dissi-
pating member 81 was coated with a grease in order to
enhance a heat transmitting property. In this example, a
heat-conductive grease was applied as the grease, and the
heater 102 was held by the heater holder 21 in a state in
which the heater 102 and the heat dissipating member 81
were brought into close contact with each other.

The aforementioned substantially C-shaped section of the
heat dissipating member 81 prevented a part of the grease
applied between the heater 102 and the heat dissipating
member 81 from being pushing out of the heat dissipating
member 81 and adhering to the film 23 due to pressurization
and heating achieved by a fixing machine.

The thermistor 25 that is a temperature detection unit
abuts a second surface of the substrate on the side opposite
to a first side on which a resistance heating element is
provided in the thickness direction that is orthogonal to the
longitudinal direction and the transverse direction of the
heater 102. Power distribution to the heat resistor is con-
trolled in accordance with the temperature detected by the
thermistor 25, and the temperatures of the heater 102 and the
film 23 are managed. In other words, the thermistor 25
detects a change in temperature of the film 23 via the heat
dissipating member 81 and the heater 102 in this example.

An evaluation test that has been carried out to include a
comparative example to check effects and advantages of the
present invention will be described. In the evaluation test,
the amounts of warpage of the heaters, the adjusted tem-
peratures at which fixation was able to be achieved, and
loadability in this example and Comparative Examples 3 and
4 were evaluated similarly to the evaluation test in Example
1.

The evaluation test was carried out using three types of
heaters in this example and the two comparative examples.
The heater configuration in Comparative Example 3 is the
same as that of the heater 52 in Comparative Example 1 used
for comparison with Example 1. Also, the heater configu-
ration in Comparative Example 4 is the same as that of the
heater 62 in Comparative Example 2 used for comparison
with Example 1. The other configurations in Comparative
Examples 3 and 4 are similar to those in Example 3, and heat
dissipating members that are similar to that in Example 3 are
provided in Comparative Examples 3 and 4 as well.

Table 6 shows main configurations in this example and
Comparative Examples 3 and 4, and results of evaluating the
amounts of warpage and assembling properties at the time of
molding the heaters, fixation, and loadability. As for the
assembling properties, the amounts of warpage of not more
than 3 mm were described as OK, and the others were
described as NG in the table.
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TABLE 6
Fixability and
loadability evaluation
Total thickness Number of
of insulating Thickness of pieces of
layer (front insulating Heater evaluation loadable
surface side) Substrate layer (rear Amount of Adjusted  recording
and protective drawing surface side) warpage  Assembling temp. material
layer [um]  depth [um]  [um] [mm]  property  [°C] [picces]
Example 3 100 100 0 14 OK 190 200
Comparative 100 0 100 0.1 OK 200 50
Example 3
Comparative 100 0 0 11.0 NG 195 100
Example 4

In Example 3, the amount of warpage of the heater 22 was
2.8 mm, and there was no problem in the assembling
property. Also, the adjusted temperature was 190° C., and
the number of pieces of recording material that could be
loaded was 200.

In Comparative Example 3, the amount of warpage of the
heater 52 was 0.1 mm. It was found from this result that it
was possible to curb warpage by providing the insulating
layer 525 on the surface on the side opposite to the surface
on which the heat generating element 523 was formed as
well.

However, the adjusted temperature in Comparative
Example 3 was 200° C., which was higher than that in
Example 3, and the number of pieces of recording material
that could be loaded was 50, which was also smaller than
that in Example 3. Since sensitivity of the thermistor 25 of
detecting a change in temperature of the film 23 decreased
due to an influence of a heat resistance of the insulating layer
525, the adjusted temperature was raised, curling of the
recording material also further increased, and the number of
pieces of recording material that could be loaded decreased
in Comparative Example 3 as compared with Example 3. In
other words, it is not possible to achieve a balance between
both curbing of warpage of the heater and detection of a
change in temperature of the heat dissipating member 81
with satisfactory responsiveness in Comparative Example 3.

In Comparative Example 4, the amount of warpage of the
heater 62 was 11 mm, and there was a difficulty in assem-
bling property. Since the bending strength of the substrate in
the thickness direction was reinforced by the substrate being
bent in Example 3, the amount of warpage of the heater
significantly decreased in Example 3 as compared with
Comparative Example 4 with the same layer configuration.

Also, the adjusted temperature was 195° C., and the
number of pieces of recording material that could be loaded
was 100 pieces in Comparative Example 4. Although the
insulating layer was provided only on one surface of the
substrate in both Comparative Example 4 and Example 3,
the substrate 1021 in Example 3 was formed to have a
drawing depth d6 of 100 um, and an end portion of the
substrate 1021 in the transverse direction was in contact with
the heat dissipating member 81. In other words, since the
heat of the heat dissipating member 81 was not only trans-
mitted to the substrate 1021 via the protective layer 1024,
the heat was also transmitted to the substrate 1021 directly
from the heat dissipating member 81 in Example 3, the heat
of the heat dissipating member 81 was more likely to be
transmitted to the substrate 1021 than in Comparative
Example 4. Therefore, since it was possible to more sensi-
tively sense a change in temperature of the heat dissipating
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member 81 in Example 3 than in Comparative Example 4,
the adjusted temperature was lower, and the number of
pieces of recording material that could be loaded increased
in the configuration in Example 3 than in Comparative
Example 4.

As described above, it was possible to curb warpage of the
heater generated at the time of molding of the heater to such
an extent that no problem occurred in assembling according
to the present invention. Moreover, since the adjusted tem-
perature was lowered and curling of the recording material
was curbed by detecting a change in temperature of the heat
dissipating member 81 with satisfactory responsiveness, it
was possible to increase the number of pieces of recording
material that could be loaded. In other words, it was possible
to curb warpage of the heater without providing the insu-
lating layers on both surfaces of the substrate by bending the
substrate such that the end portion side of the substrate in the
transverse direction approached the side of the pressurizing
roller (the side of the heat generating element) in the
thickness direction. Also, since the heat of the heat dissi-
pating member was also transmitted to the end portion side
of the substrate in the transverse direction, it was possible to
detect a change in temperature of the heat dissipating
member with satisfactory responsiveness. Furthermore,
since the insulating layer was not provided on one surface of
the substrate, it was possible to detect a change in tempera-
ture of the film with satisfactory responsiveness.

Note that although the drawing depth dé6 of the folding
portion of the substrate was set to 100 um to achieve such
a height to be substantially planar with the protective layer
1024 in this example, the present invention is not limited
thereto, and the depth of the folding portion of the substrate
may be set to a smaller value than a total thickness of the
insulating layer and the protective layer. Even in a case
where such a configuration is employed, it is possible to
sensitively sense changes in temperatures of the film 23 and
the heat dissipating member 81 as compared with a con-
figuration in which the substrate does not include any folded
portion.

As a modification example of Example 3, Modification
Example 5 will be described with reference to FIG. 18. FIG.
18 is a sectional view of a fixing device illustrating a part
near a heater 112 according to Modification Example 5. The
same reference signs will be applied to configurations in
Modification Example 5 that are similar to those in Example
3, and description thereof will be omitted.

As illustrated in FIG. 18, Modification Example 5 is
configured such that a substrate of the heater 112 does not
include an end-side planar portion, the substrate is formed
such that both ends of the substrate in the transverse direc-
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tion extend to be substantially parallel with the thickness
direction, and the substrate includes only two bent portions.
Also, an end portion of the substrate in the transverse
direction comes into contact with the folded portion at an
end portion of the heat dissipating portion in the transverse
direction. Even with such a configuration, warpage of the
heater is curbed by the substrate being provided with the
bent portion, and a change in temperature of the heat
dissipating member 81 is sensitively sensed since the bent
portions of the substrate are in contact with the heat dissi-
pating member 81. Thus, it is possible to achieve a balance
between both curbing of warpage of the heater and detection
of'a change in temperature of the heat dissipating member 81
with satisfactory responsiveness in Modification Example 5
as well similarly to Example 3.

Also, in another modification example, a configuration in
which the heater does not include an end-side planar portion,
both end portions of the substrate in the transverse direction
are folded in the direction of the surface on the side opposite
to the surface provided with the heat generating element, and
the substrate includes only two bent portions such that both
ends of the substrate extend to be substantially parallel with
the thickness direction may be employed. Even with such a
configuration, effects similar to those in Example 3 are
obtained by bringing both end portions of the substrate in the
transverse direction into contact with the folded portion at
the end portion of the heat dissipating member in the
transverse direction.

Example 4

Next, Example 4 according to the present invention will
be described with reference to FIGS. 19 and 20. FIG. 19 is
a perspective view illustrating a section of a fixing device
129 provided with a heater 122 according to Example 4, and
FIG. 20 is a sectional view of a fixing device 129. A fixing
configuration in this example is characterized in that a heat
transmitting member 85 disposed at a location other than a
nip portion N that is a region where a film 83 and a
pressurizing roller 90 come into close contact with each
other is heated by a heater 122 and the film 83 is heated via
the heat transmitting member 85. The fixing configuration is
excellent because it is possible to realize a high throughput
since there is no heater in the nip portion N, the degree of
freedom in designing the nip portion is enhanced, and the
size of the nip portion N can be increased.

In this example, the heater according to the present
invention is applied as heating means for heating the afore-
mentioned heat transmitting member 85. Other characteris-
tic configurations of an image forming apparatus and a
fixing device in Example 4 will be described in detail. Also,
the same reference signs will be applied to configurations in
Example 4 that are similar to those in Example 1, and
description thereof will be omitted.

A configuration of the fixing device 129 in this example
will be described with reference to FIG. 20. The fixing
device 129 in this example includes a tubular film 83 that
serves as a first rotating body and a pressurizing roller 90
that serves as a second rotating body that conveys a record-
ing material. The fixing device 129 further includes a
nipping roller 86 and a nipping formation member 87 that
are disposed in an internal space of a film and form the nip
portion N with the pressurizing roller 90 via the film 83 and
the heater 122 that is disposed at a location other than the nip
portion N in the internal space of the film 83. The fixing
device 129 further includes a heater support member 84 that
holds the heater 122 and is disposed in the internal space of
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the film and the heat transmitting member 85 that abuts the
film 83 in the internal space of the film 83 and uniformly
spreads and transmits heat generated by the heater 122. Also,
the nipping formation member 87 and the heater support
member 84 are pressurized by a pressurizing spring disposed
at an end portion of a stay 91 disposed in the internal space
of the film 83 in the longitudinal direction, which is not
illustrated.

In this example, the heat transmitting member 85, the
nipping roller 86, and the nipping formation member 87
from among the aforementioned members provided in the
internal space of the film 83 are disposed to abut an inner
surface of the film 83. The nipping roller 86 and the nipping
formation member 87 abut the film 83 on the side close to
the pressurizing roller 90, and the heat transmitting member
85 abuts the film 83 on the side far from the pressurizing
roller 90, in the adjacent direction of the film 83 and the
pressurizing roller 90.

The film 83 is a composite-layer film in which a base layer
is made of PI to have a thickness of 100 um and is coated
with a release layer made of PFA with a thickness of 12 pm
to achieve a balance between both abrasion of the release
layer due to paper feeding and heat conductivity, and the
composite layer film with an outer diameter of @45 mm is
used.

The pressurizing roller 90 is configured of a core metal
and an elastic layer, silicon rubber with a thickness of 1.5
mm is used for the elastic layer, a PFA tube with a thickness
01’30 um is used for the release layer, and the outer diameter
of the pressurizing roller 90 is set to @36 mm to secure the
nipping width.

The nipping roller 86 disposed in the internal space of the
film 83 is configured of a core metal and an elastic layer. A
silicon rubber with a thickness of 2.0 mm is used for the
elastic layer of the nipping roller 86, and the outer diameter
is set to 25 mm.

The nipping formation member 87 is pressurized to come
into close contact with the film 83 by a pressurizing spring
disposed on the inner surface of the film. In the configuration
in this example, the nipping roller 86 and the nipping
formation member 87 form the pressurizing roller 90 and the
nip portion via the film 83, and it is thus possible to increase
the nipping width as compared with a configuration in which
the heater and the pressurizing roller form the nip portion.
The shape of the portion of the nipping formation member
87 that comes into contact with the film 83 and also has a
function of guiding rotation of the film is a composite curve
including a substantially planar location and a substantially
curved location, and an aluminum extrusion processed mate-
rial is used as a material of the nipping formation member
87 in order to improve dimensional precision. The substan-
tially planar portion of the nipping formation member 87
forms the pressurizing roller 90 and the nip portion via the
film 83.

A thermistor 25 that is a temperature detection unit abuts
a second surface of the substrate on the side opposite to a
first surface on which a resistance heating element is pro-
vided via a through-hole provided in the heater support
member 84 in the thickness direction that is orthogonal to
the longitudinal direction and the transverse direction of the
heater 122. Power distribution to the heat resistor is con-
trolled in accordance with the temperature detected by the
thermistor 25, and the temperatures of the heater 122 and the
film 83 are managed. In other words, the thermistor 25
detects a change in temperature of the film 83 via the heat
transmitting member 85 and the heater 122 in this example.
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The heater support member 84 is configured of PPS with
high heat resistance and heat insulating performance, and the
surface on the side opposite to the surface on which the
heater 122 is supported is configured to receive a pressur-
izing force from pressurizing springs that are disposed at
two locations at an end portion of the stay 91 in the
longitudinal direction and are not illustrated in the drawing.

Aluminum with high heat conductivity is used as a
material of the heat transmitting member 85 in order to
efficiently transmit the heat from the heater 122 to the film
83, and a contact surface with the film 83 has a substantially
arc shape in order to secure a wide contact region with the
film 83. Also, in order to enhance close contact between the
heater 122 and the heat transmitting member 85 and secure
heat transmitting performance, a part between the heater 122
and the heat transmitting member 85 is coated with a grease,
which is not illustrated.
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same as that of the heater 52 in Comparative Example 1 used
for comparison with Example 1. Also, the heater configu-
ration in Comparative Example 6 was the same as the heater
62 in Comparative Example 2 used for comparison with
Example 1. The other configurations in Comparative
Examples 5 and 6 are similar to those in Example 4, and the
heat transmitting member 85, the nipping formation member
87, and the like were provided in Comparative Examples 5
and 6 as well similarly to Example 4.

Table 7 shows main configurations in this example and
Comparative Examples 5 and 6, and results of evaluating the
amounts of warpage and assembling properties at the time of
molding the heaters, fixation, and loadability. As for the
assembling properties, the amounts of warpage of not more
than 3 mm were described as OK, and the others were
described as NG in the table.

TABLE 7
Fixability and
loadability evaluation
Total thickness Number of
of insulating Thickness of pieces of
layer (front insulating Heater evaluation loadable
surface side) Substrate layer (rear Amount of Adjusted  recording
and protective drawing surface warpage  Assembling temp. material
layer [um] depth [um]  side) [um] [mm] property [°C] [pieces]
Example 4 100 100 0 14 OK 190 200
Comparative 100 0 100 0.1 OK 200 50
Example 5
Comparative 100 0 0 11.0 NG 195 100
Example 6
35

The heater 122 includes a thin and long plate-shaped
substrate 1221 containing metal as a main material, a heat
generating element 1223 that generates heat in response to
power distribution, an insulating layer 1222 that insulates
the heat generating element 1223 from the substrate 1121,
and a protective layer 1224 that protects the heat generating
element 1223 in this example as well. Since the shape of the
heater 122 in this example is the same as that of the heater
102 in Example 3, description thereof will be omitted.

The heater 122 is configured such that a drawing depth of
the substrate 1221 is substantially the same as a total
thickness of the insulating layer 1222 and the protective
layer 1224 on a center planar portion 1221« and the surface
of the protective layer 1224 and an end-side planar portion
12215 are on substantially the same plane. With such a
configuration, the end-side planar portion 12216 and the
protective layer 1224 come into contact with the heat
transmitting member 85 together as illustrated in FIG. 20,
and the thermistor 25 can thus detect changes in tempera-
tures of the film 83 and the heat transmitting member 85
with satisfactory responsiveness.

In order to check effects and advantages of the present
invention, an evaluation test carried out to include a com-
parative example will be described. In the evaluation test,
amounts of warpage of heaters, adjusted temperatures at
which fixation was able to be achieved, and loadability in
this example and Comparative Examples 5 and 6 were
evaluated similarly to the evaluation test in Example 1.

The evaluation test was carried out using three types of
heaters in this example and the two comparative examples.
The heater configuration in Comparative Example 5 was the
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In Example 4, the amount of warpage of the heater 22 was
1.4 mm, and the assembling property was not problematic.
Also, the adjusted temperature was 190° C., and the number
of pieces of recording material that could loaded was 200.

In Comparative Example 5, the amount of warpage of the
heater 52 was 0.1 mm. It is found from this result that
warpage was able to be curbed by the insulating layer 525
being provided on the surface on the side opposite to the
surface on which the heat generating element 523 was
formed as well.

However, the adjusted temperature in Comparative
Example 5 was 200° C., which was higher than that in
Example 4, and the number of pieces of recording material
that could be loaded was 50, which was a result smaller than
that in Example 4. Since sensitivity of the thermistor 25
detecting a change in temperature of the film 83 was
degraded in Comparative Example 5 than in Example 4 due
to an influence of a heat resistance of the insulating layer
525, the adjusted temperature was raised, curling of the
recording material further increased, and the number of
pieces of recording material that could be loaded decreased.
In other words, it was not possible to achieve a balance
between curbing of warpage of the heater and detection of
a change in temperature of the heat transmitting member 85
with satisfactory responsiveness in Comparative Example 5.

In Comparative Example 6, the amount of warpage of the
heater 62 was 11 mm, and there was a difficulty in assem-
bling. In Example 4, the bending strength of the substrate in
the thickness direction was enhanced by the substrate being
bent, and the amount of warpage of the heater in Example
4 was significantly reduced as compared with Comparative
Example 6 with the same layer configuration.
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Also, the adjusted temperature was 195° C., and the
number of pieces of recording material that could be loaded
was 100 in Comparative Example 6. Although the insulating
layer was provided only on one surface of the substrate in
both Comparative Example 6 and Example 4, the substrate
1221 was formed to have a drawing depth of 100 pm, and
the end portion of the substrate 1221 in the transverse
direction was in contact with the heat transmitting member
85 in Example 4. In other words, since heat of the heat
transmitting member 85 was not only transmitted to the
substrate 1221 via the protective layer 1224 but also trans-
mitted to the substrate 1221 directly from the heat transmit-
ting member 85 in Example 4, the heat of the heat trans-
mitting member 85 was more likely to be transmitted to the
substrate 1221 as compared with Comparative Example 6.
Therefore, since it was possible to more sensitively sense a
change in temperature of the heat transmitting member 85 in
Example 4 than in Comparative Example 6, the adjusted
temperature was lower in the configuration in Example 4
than in Comparative Example 6, and the number of pieces
of recording material that could be loaded increased.

As described above, it was possible to curb warpage of the
heater occurring at the time of molding of the heater to such
an extent that no problem occurred in assembling according
to the present invention. Furthermore, the adjusted tempera-
ture was lowered and curing of the recording material was
curbed by detecting a change in temperature of the heat
transmitting member 85 with satisfactory responsiveness,
and it was thus possible to increase the number of pieces of
recording material that could be loaded. In other words, it is
possible to curb warpage of the heater without providing the
insulating layers on both surfaces of the substrate by bend-
ing the substrate such that the end portion side of the
substrate in the transverse direction approaches the side
opposite to the heater support member (the side of the heat
transmitting member) in the thickness direction. Also, since
the heat of the heat transmitting member is also transmitted
to the end portion side of the substrate in the transverse
direction, it is possible to detect a change in temperature of
the heat dissipating member with satisfactory responsive-
ness. Moreover, since the insulating layer is not provided on
one surface of the substrate, it is possible to detect a change
in temperature of the film with satisfactory responsiveness.

Also, although the depth of the folded portion of the
substrate is set to 100 um to achieve such a height that the
protective layer 1224 becomes substantially planar in this
example, the present invention is not limited thereto, and the
depth of the folded portion of the substrate may be a value
that is smaller than the total thickness of the insulating layer
and the protective layer. It is possible to sense changes in
temperatures of the film 83 and the heat transmitting mem-
ber 85 even in a case where such a configuration is
employed.

Modification Example 6 will be described as a modifica-
tion example of Example 4 with reference to FIG. 21. FIG.
21 is a sectional view of a fixing device illustrating a part
near a heater 132 according to Modification Example 6. The
same reference signs will be applied to configurations in
Modification Example 6 that are similar to those in Example
4, and description thereof will be omitted.

As illustrated in FIG. 21, Modification Example 6 is
configured such that a substrate of the heater 132 does not
include an end-side planar portion, the substrate is formed
such that both ends thereof in the transverse direction extend
to be substantially parallel with the thickness direction, and
the substrate has only two bent portions. Also, the end
portion of the substrate in the transverse direction comes
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into contact with a heat transmitting member. Even with
such a configuration, warpage of the heater is curbed by the
substrate being provided with the bent portions, and also, a
change in temperature of the heat transmitting member 85 is
sensitively sensed because the bent portions of the substrate
are in contact with the heat transmitting member 85. Thus,
it is possible to achieve a balance between both curbing of
warpage of the heater and detection of a change in tempera-
ture of the heat transmitting member 85 with satisfactory
responsiveness in Modification Example 6 as well similarly
to Example 4.

Also, in another modification example, the heater may not
include the end-side planar portion, both end portions of the
substrate in the transverse direction may be folded in the
direction of the surface on the side opposite to the surface
provided with the heat generating element, the substrate may
have only two bent portions such that both ends of the
substrate extend to be substantially parallel with the thick-
ness direction, and the substrate may be porous. Even with
such a configuration, effects that are similar to those in
Example 4 are obtained by bringing both end portions of the
substrate in the transverse direction into contact with the
heat transmitting member.

Hereinafter, configuration or concept examples disclosed
in the aforementioned embodiment will be described below.
However, these are just an example, and the disclosure of the
aforementioned embodiment is not limited to the configu-
rations or concepts described below.

Configuration Al

A heater including;

a substrate that is thin and long and is made of metal;

an insulating layer that is provided on the substrate; and

a heat generating element that is provided on the insulat-

ing layer,

in which in a case where a region including a center of the

substrate is defined as a first region, a region on a side
closer to one end portion than the first region is defined
as a second region, and a region on a side closer to the
other end portion than the first region is defined as a
third region in a transverse direction that is orthogonal
to a longitudinal direction of a surface of the substrate
on which the insulating layer is provided, the first
region is a plane, and

the second region and the third region are bent from the

first region in a thickness direction of the substrate that
is orthogonal to the longitudinal direction and the
transverse direction.

Configuration A2

In the heater according to Configuration Al, the second
region includes a first bent portion that is bent to approach
a side of the heat generating element from the first region in
the thickness direction.

Configuration A3

In the heater according to Configuration A2, the second
region includes a second bent portion that is bent in the
transverse direction from the first bent portion.
Configuration A4

In the heater according to Configuration A3, the second
bent portion includes a plane that is parallel to the first
region.

Configuration A5

In the heater according to Configuration A4, a distance
from a plane of the first region to a plane of the second bent
portion in the thickness direction is longer than a thickness
of the insulating layer.
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Configuration A6
In the heater according to Configuration A2, the third
region includes a third bent portion that is bent to approach
a side of the heat generating element from the first region in
the thickness direction.
Configuration A7
In the heater according to Configuration A6, the third
region includes a fourth bent portion that is bent in the
transverse direction from the third bent portion.
Configuration A8
In the heater according to Configuration A7, the fourth
bent portion includes a plane that is parallel to the first
region.
Configuration A9
In the heater according to Configuration A8, a distance
from a plane of the first region and a plane of the fourth bent
portion in the thickness direction is longer than a thickness
of the insulating layer.
Configuration A10
In the heater according to any one of Configurations Al
to A9, the insulating layer is not provided on the substrate in
the second region and the third region.
Configuration A1l
In the heater according to any one of Configurations Al
to A10, the second region and the third region are bent from
the first region in entire regions in the longitudinal direction
of the substrate.
Configuration A12
In the heater according to any one of Configurations Al
to All, in a case where the surface on which the insulating
layer is provided is defined as a first surface, the insulating
layer is not provided on a second surface of the substrate on
a side opposite to the first surface in the thickness direction.
Configuration A13
In the heater according to any one of Configurations Al
to All, in a case where the insulating layer with the heat
generating element provided thereon is defined as a first
insulating layer, and the surface on which the first insulating
layer is provided is defined as a first surface, the substrate is
provided with a second insulating layer on which the heat
generating element is not provided, on a second surface on
a side opposite to the first surface in the thickness direction,
and the first insulating layer is thicker than the second
insulating layer in the thickness direction.
Configuration A14
A heating device includes:
a first rotating body;
the heater according to any one of Configurations Al to
A13 that is provided in an internal space of the first
rotating body;
a second rotting body that forms a nip portion with the
heater via the first rotating body; and
a temperature detection unit that detects a temperature of
the heater,
in which the temperature detection unit is provided on a
surface on a side opposite to the surface on which the
insulating layer provided with the heat generating ele-
ment is provided in the thickness direction.
Configuration A15
In the heating device according to Configuration A14, the
second region and the third region abut the first rotating
body.
Configuration A16
In the heating device according to Configuration Al4 or
Al3,
the first rotating body is a tubular film, and
the second rotating body is a roller.
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Configuration A17

A heating device includes:

a first rotating body;

a heater that includes a substrate that is thin and long and
is made of metal, an insulating layer that is provided on
the substrate, and a heat generating element that is
provided on the insulating layer, the heater being
provided in an internal space of the first rotating body;
and

a second rotating body that forms a nip portion with the
heater via the first rotating body,

in which in a case where a region including a center of the
substrate is defined as a first region, a region on a side
closer to one end portion than the first region is defined
as a second region, and a region on a side closer to the
other end portion than the first region is defined as a
third region in a transverse direction that is orthogonal
to a longitudinal direction of a surface of the substrate
on which the insulating layer is provided, the second
region and the third region are bent to be located closer
to a side of the nip portion than the first region in a
thickness direction of the substrate that is orthogonal to
the longitudinal direction and the transverse direction.

Configuration A18

In the heating device according to Configuration A17, the
second region includes a first bent portion that is bent to
approach the side of the nip portion from the first region in
the thickness direction.
Configuration A19

In the heating device according to Configuration A18, the
second region includes a second bent portion that is bent in
the transverse direction from the first bent portion.
Configuration A20

In the heating device according to Configuration A19, the
first region includes a plane, and the second bent portion
includes a plane that is parallel with the first region.
Configuration A21

In the heating device according to Configuration A20, a
distance from the plane of the first region to the plane of the
second bent portion in the thickness direction is longer than
a thickness of the insulating layer.
Configuration A22

In the heating device according to any one of Configu-

rations A18 to A21,

the third region includes a third bent portion that is bent
to approach from the first region to a side of the heat
generating element in the thickness direction.

Configuration A23

In the heating device according to Configuration A22, the
third region includes a fourth bent portion that is bent in the
transverse direction from the third bent portion.
Configuration A24

In the heating device according to Configuration A23,

the first region includes a plane, and

the fourth bent portion includes a plane that is parallel
with the first region.

Configuration A25

In the heating device according to Configuration A24, a
distance from the plane of the first region to the plane of the
fourth bent portion in the thickness direction is longer than
a thickness of the insulating layer.
Configuration A26

In the heating device according to any one of Configu-
rations A17 to A25, the insulating layer is not provided on
the substrate in the second region and the third region.
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Configuration A27

In the heating device according to any one of Configu-
rations All to A26, the second region and the third region
are bent from the first region in entire regions in the
longitudinal direction of the substrate.

Configuration A28

In the heating device according to any one of Configu-
rations A1l to A27, in a case where the surface on which the
insulating layer is provided is defined as a first surface, the
insulating layer is not provided on a second surface on a side
opposite to the first surface of the substrate in the thickness
direction.

Configuration A29

In the heating device according to any one of Configu-
rations A1l to A27,

in a case where the insulating layer with the heat gener-

ating element provided thereon is defined as a first
insulating layer, and the surface on which the first
insulating layer is provided is defined as a first surface,
a second insulating layer on which the heat generating
element is not provided is provided on a second surface
on a side opposite to the first surface of the substrate in
the thickness direction, and

the first insulating layer is thicker than the second insu-

lating layer in the thickness direction.
Configuration A30

An image forming apparatus includes:

an image forming portion that forms an image on a

recording material; and

the heating device according to any one of Configurations

Al4 to A29 that fixes, on the recording material, the
image formed on the recording material.

In a heating device configured of a heater, a film, a
pressurizing roller, and a like, there may be a case in which
a hole opens in the film or the like when a recording material
with something projecting such as a staple or something
unintentionally adhering thereto is conveyed to the heating
device. If a hole opens in the film, a toner image is not
sufficiently heated at the hole opening part, and a fixing
failure may occur. Thus, a heating device and an image
forming apparatus capable of curbing hole opening in the
film will be described next.

Example 5

(1) Image Forming Apparatus

FIG. 22 is an overview configuration diagram of an image
forming apparatus 2100 using an electrophotography
recording technique in Example 5. First, a configuration and
operations of the image forming apparatus 2100 will be
described.

An image forming operation performed by an image
forming portion of the image forming apparatus 2100 will be
described. If the image forming apparatus 2100 receives a
printing instruction from an external device or the like, then
a scanner unit 2003 emits laser light Z in accordance with
image information toward a photosensitive member 2001.
The photosensitive member 2001 charged with a predeter-
mined polarity by a charging roller 2002 is scanned with the
laser light 7, and an electrostatic latent image in accordance
with the image information is formed on the surface of the
photosensitive member 2001. Thereafter, a developing
device 2004 supplies a toner to the photosensitive member
2001, and a toner image in accordance with the image
information is formed on the photosensitive member 2001.
The toner image on the photosensitive member 2001 moves
to a transfer position formed by the photosensitive member
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2001 and a transfer roller 2005 through rotation of the
photosensitive member 2001 in the arrow R direction and is
transferred to a recording material P fed by a pickup roller
2007 from a cassette 2006. The surface of the photosensitive
member 2001 that has passed through the transfer position
is cleaned by a cleaner 2008.

Fixing processing is performed on the recording material
P with the toner image transferred thereto with heat and a
pressure by the fixing device 2009 that serves as a fixing
portion. Thereafter, the recording material P is discharged to
a discharge tray 2011 by a discharge roller 2010
(2) Fixing Device

Next, a configuration and operations of the fixing device
2009 will be described. In this example, a tensionless-type
film heating-system fixing device 2009 is used as an
example of the heating device. The fixing device 2009 in this
example is a device in which an endless belt-shaped (or
cylindrical) heat-resistant film is used, at least a part of the
perimeter of the film is always kept free from tension (a state
in which no tension is applied thereto), and the film is driven
to rotate by a rotation drive force of a pressurizing member.

FIG. 23 is an overview sectional view of the fixing device
2009 in this example and illustrates a state in which two
pieces of recording material P bound with a staple H have a
toner image T and are conveyed to the fixing device 2009.
Also, FIG. 24A is an exploded perspective view of a film
unit 2020 used in the fixing device 2009, and FIG. 24B is a
perspective view of a heat conducting member 2051. FIG.
25 is a front view of the fixing device 2009 when seen from
the conveying direction of the recording material.

A configuration of the fixing device 2009 will be
described with reference to FIG. 23. The fixing device 2009
in this example includes a rotational tubular film 2023 and
a heating unit 2050 that heats a film 2023 in an internal space
of the film 2023. The heating unit 2050 is configured of a
heater 2022 that is a heating body and a heat conducting
member 2051 that is joined to the heater 2022, comes into
contact with the inner surface of the film 2023, and transmits
heat of the heater 2022 to the film 2023. The fixing device
2009 further includes a film guide 2021 that supports the
heater 2022 and guides rotation of the film 2023, a reinforc-
ing member 2024 that reinforces the film guide 2021, and a
pressurizing roller 2030 that forms a nip portion N with the
heating unit 2050 and the film guide 2021 via the film 2023.

The heater 2022 includes a thin and long plate-shaped
substrate 2022a made of ceramic, a heat generating element
20225 that generates heat in response to power distribution,
and a protective layer 2022¢ that protects the surface of the
heat generating element 20225. A detailed configuration of
the heater 2022 will be described later.

A thermistor 2025 that is a temperature detection member
abuts a surface of the heater 2022 abutting the film guide
2021. Power distribution to the heat generating element
20225 is controlled in accordance with the temperature
detected by the thermistor 2025, and the temperatures of the
heater 2022 and the film 2023 are managed.

The film 2023 is a tubular rotating body. The thickness of
the film 2023 is preferably at least 20 um and not more than
100 um to secure satisfactory heat conductivity. In a case
where the film 2023 is a single-layer film, it is preferable to
use polytetrafluoroethylene (PTFE), tetrafluoroethylene-
perfluoroalkyl vinyl ether (PFA), PPS, or the like as a film
base layer 20234. In a case of a composite-layer film, it is
preferable to use a material such as polyimide (PI), poly-
amidimide (PAI), polyether ecthery ketone (PEEK),
polyether sulfone (PES) as the film base layer 2023a.
Moreover, it is preferable to configure the composite-layer
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film using, as a film release layer 20235 with which the
surface thereof is to be coated, a material such as PTFE,
PFA, tetrafluoroethylene-perfiuoroalkyl vinyl ether (FEP).
Also, a film obtained by using pure metal, an alloy or the like
of SUS, Al, Ni, Cu, Zn, or the like with high heat conduc-
tivity in a base layer and performing the aforementioned
coating processing or coating with a fluorine resin tube on
the release layer is also suitably used.

The film 2023 in this example is a composite-layer film in
which the film base layer 2023a is made of PI to have a
thickness of 60 um and is coated with a film release layer
20235 made of PFA with a thickness of 12 um to achieve a
balance between both abrasion of the film release layer
20235 due to paper feeding and thermal conductivity. The
length of the film 2023 in the longitudinal direction is 240
mm. The axial direction of the cylindrical shape of the film
2023 will be referred to as a longitudinal direction below.

The film guide 2021 is a support member that is provided
in an internal space of the film 2023 and supports the heater
2022 with a heater support portion 2021a. The film guide
2021 is provided with a recessed portion 20215 that is
engaged with a projecting portion 2051a of the heat con-
ducting member 2051, which will be described later. The
film guide 2021 has the film 2023 loosely inserted thereonto
and also has a guide function of guiding rotation of the film
2023 while keeping slide contact with the inner circumfer-
ential surface of the film 2023. Since the film guide 2021 is
required to have high resistance and rigidity, it is preferable
to use a liquid crystal polymer resin or the like with high heat
resistance and excellent strength as a material of the film
guide 2021. As the film guide 2021, a molded article of a
heat-resistant resin such as polyphenylene sulfide (PPS) or a
liquid crystal polymer, for example, is used.

The reinforcing member 2024 is made of metal such as
iron, receives a force of a pressurizing spring, which will be
described later, and presses the heater 2022 on the side of the
pressurizing roller 2030 via the film guide 2021. Moreover,
the reinforcing member 2024 is also a member that main-
tains strength to prevent significant deformation even with a
pressure with which the film guide 2021 forms the nip
portion N.

The heat conducting member 2051 is a member that is
longer in the longitudinal direction, and it is suitable to use
a material such as metal with excellent heat conductivity. As
described above, the heat conducting member 2051 config-
ures the heating unit 2050 for heating the film 2023 along
with the heater 2022. In other words, the heating unit 2050
heats the film 2023 via the heat conducting member 2051 by
the heater 2022 that has generated heat. The heat conducting
member 2051 in this example is joined to the heater 2022
with a heat-conductive adhesive 2060 and comes into con-
tact with the inner circumferential surface of the film 2023.

The heat conducting member 2051 is provided to cover
the entire region of the substrate 2022¢ in the transverse
direction when seen in the thickness direction of the sub-
strate 2022a. The heat conducting member 2051 includes, at
an end portion thereof in the transverse direction, a project-
ing portion 2051qa that is folded into an L shape, and the
projecting portion 2051a projects on the side further from
the pressurizing roller 2030 than the heater 2022 in the
thickness direction of the substrate 2022a. The projecting
portion 2051q is located on the side further upstream than
the heater 2022 in the conveying direction at a position at
which the projecting portion 2051a does not overlap the
substrate 2022a and the heat generating element 20225
when seen in the thickness direction of the substrate 20224
to be engaged with the recessed portion 20215. Also, the
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projecting portion 2051a is located on the side further
upstream than an exit of the nip portion N on the side further
downstream than an entrance of the nip portion N in the
conveying direction along with the recessed portion 20215.
Relative movement of the heating unit 2050 in the convey-
ing direction with respect to the film guide 2021 is restricted
by the projecting portion 2051a being inserted into the
recessed portion 20215 provided in the film guide 2021.
Note that in this example, the thickness direction of the
substrate 2022¢ is substantially parallel with the pressuriz-
ing direction of the recording material P conveyed to the
fixing device 2009.

The pressurizing roller 2030 is a rotating body that
includes a core metal 20304 of a material such as iron or
aluminum, an elastic layer 20305 of a material such as
silicone rubber, and a release layer 2030c¢ of a material such
as PFA. The pressurizing roller 2030 receives power from a
motor M via a gear, which is not illustrated, rotates in the b
direction, and forms the nip portion N along with the heating
unit 2050 and the film guide 2021 via the film 2023.

As illustrated in FIG. 23, the film 2023 is driven by
motion of the pressurizing roller 2030 and rotates in the a
direction due to rotation of the pressurizing roller 2030 in the
b direction, and the heating unit 2050 receives a force in the
arrow ¢ direction that is substantially parallel with the
conveying direction of the recording material P. However,
since the projecting portion 2051a of the heat conducting
member 2051 is engaged with the recessed portion 20215 of
the film guide 2021 as described above, the heating unit
2050 does not significantly move or warp in the ¢ direction
inside the heater support portion 2021a. The toner image T
is heated and fixed on the recording material P by the
recording material P being nipped and conveyed by the nip
portion N, and the recording material P that has passed
through the nip portion N is conveyed to the discharge tray
2011.

Next, the film unit 2020 of the fixing device 2009 will be
described with reference to the exploded perspective view in
FIG. 24A. The heater 2022 and the heat conducting member
2051 joined to each other with a heat-conductive adhesive is
held as the heating unit 2050 by the film guide 2021. After
the film guide 2021 and the reinforcing member 2024 are
fitted to each other, the film 2023 is fitted onto the outer
circumferences of the film guide 2021 and the reinforcing
member 2024 with a margin at the perimeter. Both end
portions of the reinforcing member 2024 sticks out of both
ends of the film 2023, and flanges 2026 are fitted to both
ends. In this manner, the film unit 2020 including the film
2023, the heating unit 2050, the film guide 2021, the flanges
2026, and the like are assembled.

A power supply terminal of the heater 2022 projects on
one end side of the film 2023 in the longitudinal direction,
and a power supply connector 2027 is fitted thereto. The
power supply connector 2027 comes into contact with an
electrode portion of the heater 2022 with a predetermined
abutting pressure, and a power supply path is thereby
formed. Also, a heater clip 2028 is a metal plate bent into a
C shape and holds an end of the heater 2022 at the film guide
2021 with the spring property. In other words, both ends of
the heater 2022 in the longitudinal direction located outside
the sheet passing area are held by the power supply con-
nector 2027 and the heater clip 2028 that serve as holding
members.

As illustrated in FIG. 24B, the heat conducting member
2051 has a length with which the entire sheet passing area
can be covered in the width direction that is orthogonal to
the conveying direction of the recording material. In this
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example, the width direction of the recording material is
substantially parallel with the longitudinal direction of the
film 2023 and the like. Also, the projecting portion 2051a in
this example extends over the entire region of the heat
conducting member 2051 in the longitudinal direction. The
heat conducting member 2051 may be formed by folding a
plate member made of metal or can also be produced by
other means such as cutting working.

Next, the configuration of the fixing device 2009 will be
described in further detail with reference to FIG. 25. The
flanges 2026 provided at both end portions of the film 2023
restrict movement of the rotating film 2023 in the longitu-
dinal direction and restricts the position of the film 2023
when the fixing device 2009 is activated.

The film unit 2020 is provided to face the pressurizing
roller 2030 and is supported by a top plate-side casing 2041.
The film unit 2020 is supported to be freely movable in the
pressurizing direction by the top plate-side casing 2041, and
movement thereof in the longitudinal direction is restricted.
The pressurizing spring 2045 is attached to the top plate-side
casing 2041 of the fixing device 2009 in a compressed state.
The pressing force of the pressurizing spring 2045 is
received by both end portions of the reinforcing member
2024 in the longitudinal direction via the flange 2026. With
the pressing force of the pressurizing spring 2045, the
reinforcing member 2024 is pressed on the side of the
pressurizing roller 2030, the entire film unit 2020 is pressed
on the side of the pressurizing roller 2030, and the nip
portion N is thereby formed.

The bearing member 2031 is provided to axially support
the metal core of the pressurizing roller 2030 and receives
the pressing force from the film unit 2020 via the pressur-
izing roller 2030. In order to rotationally support the metal
core of the pressurizing roller 2030 that is heated to a
relatively high temperature, a material with heat resistance
and excellent slidablity is used for the bearing member 2031.
The bearing member 2031 is attached to a bottom-side
casing 2043 of the fixing device 2009.

(3) Heater 2022

Next, a material configuring the heater 2022, a manufac-
turing method, and the like in this example will be described
using FIGS. 26A and 26B. FIG. 26A is a sectional view of
the heater 2022 when seen from the longitudinal direction,
and FIG. 26B is a plan view when seen from the thickness
direction of the substrate 2022a.

(3-1) Substrate 2022a

The substrate 2022a in this example is a substrate made
of ceramic. The type of ceramic is not particularly limited,
and it is only necessary to appropriately select ceramic in
consideration of necessary mechanical strength, a linear
expansion coefficient in accordance with formation of the
heat generating element, easiness of obtaining a plate mate-
rial in the market, and the like.

It is only necessary to determine the thickness of the
substrate 2022a in consideration of strength, a heat capacity,
and heat dissipation performance. Although a thin thickness
of the substrate 20224 leads to a small heat capacity and is
thus advantageous for quick starting, a problem such as
distortion is likely to occur when the heat generating ele-
ment is heated if the thickness is too thin. On the contrary,
although a thick thickness of the substrate 20224 is advan-
tageous in terms of distortion when the heat generating
element is heated, an excessively thick thickness is disad-
vantageous for quick starting due to a large heat capacity. A
preferable thickness of the substrate 20224 is about 0.3 mm
to 2.0 mm in a case where a balance of mass production,
cost, and performance is taken into consideration. The
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substrate 2022a in this example is an alumina substrate with
a width of 10 mm, a length of 300 mm, and a thickness of
1 mm.

(3-2) Heat Generating Element 20226

The heat generating element 20225 is obtained by printing
a heat generating element paste obtained by mixing a
conductive component (A), a glass component (B), and an
organic binding component (C) on the substrate 2022a and
baking the resulting object. If the heat generating element
paste is baked, the organic binding component (C) is burnt
and disappears and the components (A) and (B) remain, and
the heat generating element 20225 containing the conductive
component and the glass component is thereby formed.
Here, silver-palladium (Ag-Pd), ruthenium oxide (Ru0O,), or
the like is used alone or in combination as the conductive
component (A), and it is preferable to obtain a sheet resis-
tance value (surface resistivity) of 0.1 [€2/(]] to 100 [k€2/]].
Also, other materials may be contained in addition to (A) to
(C) described above as long as the amounts are very small
and properties of the present invention are not damaged.

The heat generating element 20225 in this example is
formed by the heat generating element paste obtained by
using silver-palladium (Ag-Pd) as a conductive component
and additionally incorporating a glass component and an
organic binding component. After the heat generating ele-
ment paste is applied to the substrate 2022a made of ceramic
by screen printing, the resulting object is dried at 180° C.
and is then baked at 850° C., and heat generating element
20225 is thereby formed. The heat generating element 20225
after the baking has a thickness of 15 pum, a length of 220
mm, and width of 1.1 mm.

(3-3) Power Supply Electrode 20224 and Conduction Pat-
tern 2022e

The power supply electrode 20224 and the conduction
pattern 2022¢ illustrated in FIG. 26B contain silver (Ag),
platinum (Pt), gold (Au), a silver-platinum (Ag-Pt) alloy, a
silver-palladium (Ag-Pd) alloy, or the like as a main con-
stituent. The power supply electrode 20224 and the power
conduction pattern 2022¢ are formed by printing the paste
obtained by mixing the conductive component (A), the glass
component (B), and the organic binding component (C) on
the substrate 20224 and baking the paste similarly to the heat
generating element paste.

The power supply electrode 20224 and the conduction
pattern 2022e¢ are provided for the purpose of supplying
power to the heat generating element 20225, and a resistance
is set to be sufficiently low with respect to the heat gener-
ating element 20225. It is necessary to select a material that
is softened and melts at a temperature that is lower than the
melting point of the substrate 2022 and to select a material
with heat resistance in view of the temperature in actual use,
for the heat generating element paste, the power supply
electrode and conduction pattern paste.

The power supply electrode 20224 and the conduction
pattern 2022¢ in this example are formed using a paste for
the power supply electrode and the conduction pattern
obtained using silver as a conductive material and addition-
ally incorporating a glass component and an organic binding
component. The paste for the power supply electrode and the
conduction pattern is applied to the substrate 20224 made of
ceramics by screen printing, the resulting object is then dried
at 180° C. and is baked at 850° C., and the power supply
electrode 20224 and the conduction pattern 2022e are
thereby formed.

(3-4) Protective Layer 2022¢

The protective layer 2022c¢ illustrated in FIGS. 26 A and

26B are provided for the purpose of protecting the heat
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generating element 20225 and the conduction pattern 2022e.
As a material, glass or polyimide (PI) is preferably used
from the viewpoint of heat resistance, and a heat conductive
filler with an insulating property and the like may be
incorporated as needed.

In this example, a protective layer glass paste is prepared,
the protective layer glass paste is applied to the heat gen-
erating element 20225 and the conduction pattern 2022¢ by
screen printing, the resulting object is then dried at 180° C.
and is baked at 850° C., and the protective layer 2022¢ with
a layer thickness of 60 um is thereby formed.

(4) Effects and Advantages

In order to explain the effects and advantages of the
present invention, a mechanism in which a hole correspond-
ing to a position of a staple opens in the film that is a plastic
member when the fixing device is caused to transport
recording material bound with the staple will be described
first.

FIG. 28A is a schematic view of the staple H, and FIG.
28B is a schematic view illustrating two pieces of recording
material P bound using the staple H. FIG. 29 is a schematic
view illustrating a state in which a fixing device 2109
including a film unit 2120 in an example in the related art is
caused to transport the recording material P bound with the
staple H and the paper is caused to pass therethrough. If the
recording material P is bound with the staple H using a
stapler, the staple H is attached to follow the recording
material P on one surface (surface A), and the staple H is
folded and forms a projecting-shaped bent portion H1 on the
other surface (surface B). If the fixing device is caused to
transport the recording material P bound with the staple H
illustrated in FIG. 28B, there may be a case where a hole W
corresponding to the position of the staple opens in the film
2023 that is a plastic member as illustrated in FIG. 29. In
particular, when the recording material is conveyed such that
the surface B side, which is a side on which the staple H is
bent in FIG. 28B, comes into contact with the film 2023, the
sharp bent portion H1 of the staple H sticks to the film 2023,
and the hole opening in the film 2023 thus significantly
occurs. As a result, heating and fixing of the toner image T
on the recording material P corresponding to the hole W in
the film 2023 are not sufficiently performed, and an offset
image U as illustrated in FIG. 29 occurs, which may lead to
a fixation failure.

A mechanism in which the staple H opens a hole in the
film 2023 in the fixing device 2109 in the example in the
related art will be described in more detail using FIGS. 30A
to 30C and FIGS. 31A and 31B. Hereinafter, similar refer-
ence signs will be applied to configurations that are similar
to those in Example 5 from among configurations in the
example in the related art, and description thereof will be
omitted. Note that the fixing device 2109 in the example in
the related art illustrated in FIGS. 30A to 30C and FIGS.
31A and 31B is not provided with the heat conducting
member 2051 and does not include the recessed portion
provided at the film guide 2121, unlike this example. There-
fore, the film 2023 comes direct contact with the heater 2022
and slides along the heater 2022 in the fixing device 2109.

FIG. 30A is a perspective view illustrating a state in which
the recording material P bound with the staple H is conveyed
to the fixing device 2109 in the example in the related art by
eliminating the film 2023 and the pressurizing roller 2030
such that the heater 2022 can be visually recognized. FIGS.
30A to 30C illustrate a case where the recording material P
is conveyed with an orientation in which the surface B on the
side where the staple H is bent abuts the film 2023. FIG. 30B
illustrates an initial state of the fixing device 2109 in which
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the heater 2022 is attached to a heater support portion 2121a
of'the film guide 2121 in the area A in FIG. 30A and no load
is imparted thereon. The heater support portion 2121a is
widely provided with respect to the heater 2022 to have a
clearance S between the heater support portion 2121a and
the heater 2022 in consideration of heat generation and thus
expansion of the heater 2022 as illustrated in FIG. 30B.
Although both end portions of the heater 2022 are held by
the power supply connector 2027 and the heater clip 2028,
the heater 2022 is not particularly held in the sheet passing
area through which the recording material P passes.

FIG. 30C illustrates a state in which the heater 2022 in
contact with the film 2023 receives a force in the ¢ direction
from the film 2023 through rotation of the film 2023 and
warps in the conveying direction of the recording material P.
At this time, a clearance G occurs between the heater 2022
and the heater support portion 2121a on the upstream side in
the conveying direction with respect to the heater 2022.
Since the heater 2022 is held at both end portions thereof in
the longitudinal direction by the power supply connector
2027 and the heater clip 2028, the clearance G reaches its
maximum near the center of the heater 2022 in the longi-
tudinal direction.

FIG. 31A is a sectional view of the center portion of the
fixing device 2109 in the example in the related art in the
longitudinal direction in a state in which the heater 2022
does not warp. FIG. 31B is a sectional view of the center
portion of the fixing device 2109 in the longitudinal direc-
tion in a state in which the heater 2022 has warped due to
rotation of the film 2023. The heater 2022 is disposed in the
heater support portion 2121a of the film guide 2121.

Since the staple H receives a pressurizing force from the
pressurizing roller 2030 at the nip portion N, the staple H is
pushed into the clearance G. At this time, the staple H
strongly rubs against a hard and sharp corner of the heater
2022, and a hole thereby opens in the film 2023 at a part
sandwiched therebetween. Note that although a case where
the staple H is pushed into the clearance between the heater
2022 and the heater support portion 2021a and on the
downstream side in the conveying direction with respect to
the heater 2022 is also assumed, the film guide 2021 is not
such hard and sharp like the heater 2022, and the probability
that a hole opens in the film 2023 is thus low. In the paper
feeding evaluation, which will be described later, no holes
opened in the film 2023 even with a configuration in which
a clearance was included on the down stream side in the
conveying direction with respect to the heater 2022.

(4-1) Paper Feeding Evaluation

Next, paper feeding evaluation that has been carried out
to check the effects and advantages of the present invention
will be described. As the paper feeding evaluation, twenty
papers obtained by stacking every two pieces of recording
material P and binding them with staples H at three locations
at the leading end were successively fed at a conveyance
speed of 200 mny/s as illustrated in FIG. 28B, and hole
opening in the film 2023 and whether or not an image failure
had occurred were checked. The paper feeding evaluation
was similarly carried out for the fixing device 2109 which
was not provided with the heat conducting member in the
aforementioned example in the related art as a target of
comparison in addition to the fixing device 2009 in this
example, and the results were compared.

As a result of performing evaluation using the fixing
device 2009 provided with the heat conducting member
2051 in this example, no holes opened in the film 2023, and
satisfactory fixed images were obtained on all evaluation
papers.
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As illustrated in FIG. 23, the projecting portion 2051a of
the heat conducting member 2051 is inserted into the
recessed portion 20216 of the film guide 2021 in this
example. Therefore, even if a force in the ¢ direction works
on the heating unit 2050, relative movement of the heating
unit 2050 on the downstream side in the conveying direction
with respect to the film guide 2021 is restricted. Therefore,
a clearance which the staple H enters does not occur between
the heating unit 2050 and the heater support portion 2021a
on the side further upstream than the heating unit 2050 in the
conveying direction, and it is possible to prevent hole
opening in the film 2023 even in a case where a recording
material with something projecting such as the staple H is
conveyed according to the present invention. Note that any
of a configuration in which the projecting portion 2051a
abuts the recessed portion 20215 from the beginning and a
configuration in which the projecting portion 2051« does not
abut the recessed portion 20215 from the beginning in a state
where no loads are imparted on the heating unit 2050 may
be employed as long as the clearance between the heating
unit 2050 and the film guide 2021 is minimized according to
the configuration.

The fixing device 2109 in the example in the related art is
configured such that the heat conducting member illustrated
in FIGS. 31A and 31B is not provided as described above.
Since configurations that are similar to those in Example 5
are employed in relation to the other configurations in the
image forming apparatus and the fixing device, description
thereof will be omitted.

When paper feeding test similar to that in Example 5 was
carried out using the fixing device 2109 in the example in the
related art, a hole opened in the film 2023, an offset image
U as illustrated in FIG. 29 occurred, and an image failure
occurred. This is considered to be because the heater 2022
received the force in the ¢ direction from the film 2023 and
moved in the conveying direction as illustrated in FIG. 31B.
In other words, the staple H received a pressurizing force
from the pressurizing roller 2030, the staple H was pushed
into the clearance G between the heater 2022 and the heater
support portion 2121a generated on the side further
upstream than the heater 2022 in the conveying direction,
and as a result, the staple H and the corner of the heater 2022
strongly rubbed against each other, and the hole thereby
opened in the film 2023.

Note that in order to prevent a hole from opening in the
film as in this example, it is not always necessary for the
projecting portion 2051a to extend over the entire range of
the heat conducting member 2051 in the longitudinal direc-
tion (the width direction of the recording material). It is
possible to expect effects that are similar to those of this
example as long as a configuration in which the projecting
portion 2051a of the heat conducting member 2051 is
provided in the sheet passing area of the recording material
P through which the staple H passes. If the projecting portion
2051a is provided at the center portion in the longitudinal
direction where the amount of deformation of the heater
2022 becomes the largest, in particular, relative movement
of the heating unit 2050 on the downstream side in the
conveying direction with respect to the film guide 2021 can
be effectively restricted.

As described above, the present invention is not limited to
the configuration in Example 5, and in a modification
example, a configuration in which the projecting portion
2052a is provided in the entire sheet passing area rather than
the entire region of the heat conducting member 2052 in the
longitudinal direction may be employed as in the heat
conducting member 2052 illustrated in FIG. 27A. In another
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modification example, a configuration in which a plurality of
projecting portions 2053a¢ with a shorter length in the
longitudinal direction are provided in the sheet passing area
may be employed as in the heat conducting member 2053
illustrated in FIG. 27B. Since the projecting portions 20524
are provided in the entire sheet passing area in the heat
conducting member 2052, it is possible to obtain sufficient
strength against a force received due to rotation of the film
2023. On the other hand, since the heat conducting member
2053 includes the projecting portions 2053a with a shorter
length in the longitudinal direction provided at three loca-
tions in the sheet passing area, the heat conducting member
2053 is inferior to the heat conducting member 2052 in
terms of strength. However, the heat conducting member
2053 with a small volume is more excellent than the heat
conducting member 2052 from the viewpoint of minimizing
an increase in heat capacity. In other words, it is possible to
appropriately select a necessary configuration in consider-
ation of a pressurizing force of the fixing device, strength
required in accordance with a rotation rate of the film and the
like, a warming-up time required for the image forming
apparatus, a manufacturing cost of the heat conducting
member, and the like.

Although the configuration in which the projecting por-
tion 2051a is located on the upstream side in the conveying
direction with respect to the heater 2022 is employed in this
example, a configuration in which the projecting portion is
located on the downstream side in the conveying direction,
a configuration in which the projecting portions are located
on both upstream and downstream sides, and the like are
also conceivable as other modification examples. Alterna-
tively, a configuration in which the projecting portion
extends on the side toward the pressurizing roller rather than
the side away from the pressurizing roller in the pressurizing
direction is also exemplified as a modification example.
Furthermore, the projecting portion does not necessarily
extend perpendicularly to the surface of the recording mate-
rial, and the projecting portion may extend at a predeter-
mined angle with respect to the pressurizing direction as
long as movement of the heating unit on the downstream
side in the conveying direction is restricted with the con-
figuration. In other words, the configuration is not limited to
the projecting portion and the recessed portion, and it is
possible to obtain a similar effect of preventing a hole from
opening in the film as long as the heating unit and the heater
holder are provided with an engaging portion and an
engaged portion to restrict relative movement of the heating
unit with respect to the heater holder in the configuration.

Example 6

Next, Example 6 of the present invention will be
described. A fixing device 2209 in Example 6 does not
include a heat conducting member, and a projecting portion
that is engaged with a recessed portion of a film guide is
provided at a substrate of a heater. Hereinafter, similar
reference signs will be applied to configurations that are
similar to those in Example 5 from among configurations in
Example 6, and description thereof will be omitted.

FIG. 32 is an overview sectional view of the fixing device
2209 in this example and illustrates a state in which two
pieces of recording material P bound with a staple H have a
toner image T and are conveyed to the fixing device 2209.
Also, FIG. 33A is an exploded perspective view of a film
unit 2220 used in the fixing device 2209, and FIG. 33B is a
perspective view of the heater 2222 using a projecting
portion 2222f
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The fixing device 2209 in Example 6 is different from the
fixing device 2009 in Example 5 in that the fixing device
2209 in Example 6 does not include a heat conducting
member and the heater 2222 includes the projecting portion
2222fthat is engaged with a recessed portion 22215 of the
film guide 2221. In other words, the heating unit in this
example is configured of the heater 2222 alone. Description
of the other components of the image forming apparatus and
the fixing device that are similar to those in Example 5 will
be omitted.

Next, a material configuring the heater 2222, a manufac-
turing method, and the like in this example will be described
using FIGS. 34A and 34B. FIG. 34A is a sectional view of
the heater 2222 when seen from the longitudinal direction,
and FIG. 34B is a plan view of a substrate 2222a when seen
from the thickness direction.

The substrate 22224 of the heater 2222 in this example is
made of metal, and it is only necessary for the substrate
2222a to contain at least a metal alloy as a main material.
The heater 2222 includes the thin and long plate-shaped
substrate 22224, a heat generating element 22225 that gen-
erates heat in response to power distribution, an insulating
layer 2222¢ that insulates the heat generating element 22225
from the substrate 2222a, and a protective layer 2222¢ that
protects the heat generating element. Also, an insulating
layer 2222 is also provided on the surface of the substrate
2222a on the side opposite to the surface on which the heat
generating element 22225 is provided in order to prevent
warpage of the substrate at the time of manufacturing. In this
example, the heat generating element 22225 is provided on
the substrate 2222a via the insulating layer 2222g.

The substrate 2222a is provided with the projecting
portion 2222f formed by an end portion of the substrate
2222a on the upstream side in the conveying direction being
folded. The projecting portion 2222f'is located on the side
further upstream than the heat generating element 22225 and
an insulating layer 2222/ in the conveying direction and
extends to project on the side further from a pressurizing
roller 2030 than the insulating layer 2222/ in the thickness
direction of the substrate 2222a. On the other hand, the
recessed portion 22215 provided at the film guide 2221 is
recessed in the thickness direction of the substrate 2222a
and on the side away from the pressurizing roller 2030 and
is engaged with the projecting portion 2222f'Note that in this
example, the thickness direction of the substrate 2222aq is
substantially parallel with the pressurizing direction of the
recording material P conveyed to the fixing device 2209.

As a material used in the substrate 2222a made of metal,
stainless steel, nickel, copper, aluminum, or an alloy con-
taining such metal as a main material is suitably used.
Among these, stainless steel is most preferably used in terms
of strength, heat resistance, and corrosion. The type of
stainless steel is not particularly limited, and it is only
necessary to appropriately select stainless steel in consider-
ation of necessary mechanical strength, a linear expansion
coeflicient in accordance with formation of the insulating
layer and the heat generating elements, which will be
described later, easiness of obtaining the plate material in the
market, and the like. In one example, martensite-based
stainless steel and ferrite-based stainless steel of chromium-
based stainless steel (400-based) have relatively low linear
expansion coefficients from among others and are thus
suitably used because the insulating layer and the heat
generating elements are easily formed with them.

The thickness of the substrate 2222a may be determined
in consideration of strength, a heat capacity, and heat dis-
sipation performance. Although a thin thickness of the
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substrate 2222a leads to a small heat capacity and is thus
advantageous for quick starting, a problem such as distortion
is likely to occur when the heat generating element 22225 is
heated if the thickness is too thin. On the contrary, although
a thick thickness of the substrate 2222q is advantageous in
terms of distortion when the heat generating element 22225
is heated, an excessively thick thickness is disadvantageous
for quick starting due to a large heat capacity. A preferable
thickness of the substrate 22224 is about 0.3 mm to 2.0 mm
in a case where a balance of mass production, cost, and
performance is taken into consideration. The substrate
2222a in this example is a ferrite-based stainless steel
substrate (SUS430:18Cr stainless steel) with a width of 10
mm, a length of 300 mm, and a thickness of 0.5 mm.

Next, the insulating layers 2222g and 2222/ will be
described. Although a material of the insulating layers
2222g and 2222/ is not particularly limited, it is necessary
to select a material with heat resistance in view of a
temperature in actual use. As a material, glass or polyimide
(PI) is preferably used from the viewpoint of heat resistance,
and a powder material in a case where glass is used may be
appropriately selected without losing properties of the pres-
ent invention from the viewpoint of heat resistance and the
like. Furthermore, a heat conductive filler with an insulating
property and the like may be incorporated as needed. No
problems occur if mutually the same material or different
materials are formed for the insulating layers 2222¢ and
2222}. In relation to the layer thicknesses, the insulating
layers 2222g and 2222/ may have the same thickness or
different thicknesses. It is generally preferable that a heater
used in an image forming apparatus have a dielectric
strength of about 1.5 kV, and it is only necessary to secure
the layer thickness of the insulating layer 2222g in accor-
dance with the material in order to obtain the dielectric
strength performance of 1.5 kV between the heat generating
element 22225 and the substrate 22224. Although a method
for forming the insulating layers 2222g and 2222/ is not
particularly limited, it is possible to smoothly form the
insulating layers 2222g and 2222k by a screen printing
method or the like in one example. When an insulating layer
of glass or polyimide (PI) is formed on the substrate 22224,
it is necessary to appropriately adjust the linear expansion
coefficients of the materials of the substrate and the insu-
lating layer such that cracking or peeling does not occur in
insulating layer due to a difference between the linear
expansion coefficients of the materials.

In this example, an insulating layer glass paste is applied
to the aforementioned substrate 22224 made of stainless
steel by screen printing, the resulting object is dried at 180°
C. and is baked at 850° C., and the insulating layer 2222¢g
with a layer thickness of 60 pm and the insulating layer
2222} with a layer thickness of 120 um are thereby formed.
Since a method for forming the heat generating element
22225, the power supply electrode 22224, the conduction
pattern 2222e, and the protective layer 2222¢ on the sub-
strate 2222a on which the insulating layers 2222¢g and 2222/
is similar to that in Example 5, description thereof will be
omitted.

Effects and advantages of this example will be described
using FIG. 32. In this example, the projecting portion 2222f
of'the heater 2222 is inserted into the recessed portion 22215
of the film guide 2221. Therefore, even if a force in the
direction ¢ works on the heater 2222, relative motion of the
heater 2222 on the downstream side in the conveying
direction with respect to the film guide 2221 is restricted.
Therefore, a clearance which the staple H enters does not
occur between the heater 2222 and the heater support
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portion 2221a on the side further upstream than the heater
2222 in the conveying direction, and it is possible to prevent
hole opening in the film 2023 even in a case where a
recording material with something projecting such as the
staple H is conveyed according to the present invention.

As a result of carrying out a paper feeding test similar to
that in Example 5 using the fixing device 2209 in this
example, no holes opened in the film 2023 and satisfactory
fixed images were obtained on all evaluated papers. More-
over, since the heat conducting member 2051 is not provided
in this example, there is no increase in an extra heat capacity,
and it is possible to improve the warming-up time of the
fixing device 2209 as compared with Example 5.

Note that the present invention is not limited to the
aforementioned configuration, and in a modification
example, a configuration in which the projecting portion
2223fis provided in the entire sheet passing area rather than
the entire region of the heater 2223 in the longitudinal
direction may be employed as in the heater 2223 illustrated
in FIG. 35A. In another modification example, a configu-
ration in which a plurality of projecting portions 2224f with
a shorter length in the longitudinal direction are provided in
the sheet passing area may be employed as in the heater
2224 illustrated in FIG. 35B. The heater 2223 include the
projecting portion 2223/ provided in the entire sheet passing
area, and it is thus possible to obtain sufficient strength with
respect to a force received due to rotation of the film 2023.
On the other hand, the heater 2224 includes the projecting
portions 2224f with a shorter length in the longitudinal
direction provided at three locations in the sheet passing
area, and the heater 2224 is thus inferior to the heater 2223
in terms of strength. However, the heater 2224 with a small
volume is more excellent than the heater 2223 from the
viewpoint of minimizing an increase in heat capacity. In
other words, it is possible to appropriately select a necessary
configuration in consideration of a pressurizing force of the
fixing device, strength required in accordance with a rotation
rate of the film and the like, a warming-up time required for
the image forming apparatus, a manufacturing cost of the
heating unit, and the like.

In another configuration, a configuration in which the
projecting portion is located on the downstream side in the
conveying direction, a configuration in which the projecting
portions are located on both upstream and downstream
sides, and the like are also conceivable although the con-
figuration in which the projecting portion 2222fs located on
the upstream side of the heater 2222 in the conveying
direction is employed in this example. Alternatively, a
configuration in which the projecting portion extends on the
side toward the pressurizing roller rather than the side away
from the pressurizing roller in the pressurizing direction is
also exemplified as a modification example. Moreover, the
projecting portion does not necessarily extend perpendicu-
larly to the surface of the recording material, and the
projecting portion may extend at a predetermined angle with
respect to the pressurizing direction as long as movement of
the heater on the downstream side in the conveying direction
is restricted with the configuration.

Furthermore, a configuration in which a substrate made of
metal is provided with a heat conducting member including
a projecting portion, a configuration in which a substrate
made of ceramic is provided with a projecting portion, and
the like are also conceivable in other modification examples.
A modification example in which a substrate 2522a made of
metal is provided with a heat conducting member 2551
including a projecting portion 2551a will be described using
FIGS. 36 and 16. Hereinafter, similar reference signs will be
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applied to configurations that are similar to those in Example
5 from among configurations in the modification example,
and description thereof will be omitted.

FIG. 36 is an overview sectional view of a fixing device
2509 according to the modification example. The fixing
device 2509 is configured such that the heat conducting
member 2551 including the projecting portion 2551a is
joined to a heater 2522 similarly to Example 5. Once the
heater 2522 is attached to the heater attachment portion
2521a of the of a film guide 2521, the projecting portion
2551a of the heat conducting member 2551 is engaged with
a recessed portion 25215 of'the film guide 2521, and relative
movement of the heater 2522 in the conveying direction
with respect to the film guide 2521 is restricted.

FIG. 37A is a sectional view of the heater 2522 when seen
from the longitudinal direction, and FIG. 37B is a plan view
of the heater 2522 when seen from the thickness direction of
the substrate 2522q. It is only necessary for the substrate
2522a of the heater 2522 in this example to be made of metal
and contain at least a metal alloy as a main material. The
heater 2522 includes a thin and long plate-shaped substrate
2522a, a heat generating element 25224 that generates heat
in response to power distribution, an insulating layer 2522¢g
that insulates the heat generating element 25225 from the
substrate 25224 and a protective layer 2522¢ that protects
the heat generating element. Additionally, an insulating layer
2522} is also provided on the surface of the substrate 25224
on the side opposite to the surface on which the heat
generating element 25225 is provided in order to prevent
warpage of the substrate at the time of manufacturing. In this
example, the heat generating element 25225 is provided on
the substrate 2522a via the insulating layer 2522g.

Example 7

Next, Example 7 according to the present invention will
be described. In a fixing device 2309 in Example 7, a film
guide 2321 includes a projecting portion 23215, and a
recessed portion 23514 provided at a heat conducting mem-
ber 2351 of a heating unit 2350 is engaged with the
projecting portion 23215. Hereinafter, similar reference
signs will be applied to configurations similar to those in
Example 5 from among configurations in Example 7, and
description thereof will be omitted.

FIG. 38 is an overview sectional view of the fixing device
2309 in this example and illustrates a state in which two
pieces of recording material P bound with a staple H for a
stapler have a toner image T and are conveyed to the fixing
device 2309. In this example, the heating unit 2350 is
configured of a heater 2022 and a heat conducting member
2351 with similar configurations as those in Example 5.

The heat conducting member 2351 in this example
includes a recessed portion 2351a. The recessed portion
2351a is located on the side further upstream than the heater
2022 in the conveying direction and is recessed in the
thickness direction of the substrate 2022a and on the side
toward the pressurizing roller 2030 inside the heating unit
2350. On the other hand, a projecting portion 23215 pro-
vided at the film guide 2321 extends in the thickness
direction of the substrate 2022a and on the side toward the
pressurizing roller 2030 and is engaged with the recessed
portion 2351a. In the heat conducting member 2351 in this
example, the recessed portion 2351a is formed over the
entire region in the longitudinal direction as illustrated in
FIG. 39A. Note that in this example, the thickness direction
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of the substrate 2022a is substantially parallel with the
pressurizing direction of the recording material P conveyed
to the fixing device 2309.

Even if a force in the direction ¢ works on the heating unit
2350 due to engagement between the recessed portion 2351a
and the projecting portion 23215, relative movement of the
heating unit 2350 on the downstream side in the conveying
direction with respect to the film guide 2321 is restricted.
Therefore, a clearance which the staple H enters does not
occur between the heating unit 2350 and the heater support
portion 2321a on the side further upstream than the heating
unit 2350 in the conveying direction, and it is possible to
prevent hole opening in the film 2023 even in a case where
a recording material with something projecting such as the
staple H is conveyed according to the present invention.

As a result of carrying out a paper feeding test similar to
that in Example 5 using the fixing device 2309 in this
example, no holes opened in the film 2023 and satisfactory
fixed images were obtained on all evaluated papers. More-
over, since the heat conducting member 2351 is provided
with the recessed portion 2351a rather than a projecting
portion in this example, the heat conducting member 2351
in this example has a smaller volume and a smaller heat
capacity as compared with the heat conducting member
2051 in Example 5. Therefore, since the heat capacity of the
heat conducting member is reduced in this example as
compared with Example 5, it is possible to improve a
warming-up time of the fixing device.

Note that the present invention is not limited to the
aforementioned configuration, and in a modification
example, a configuration in which the recessed portion
2352a is provided over the entire sheet passing area rather
than the entire region of the heat conducting member 2352
in the longitudinal direction as in the heat conducting
member 2352 illustrated in FIG. 39B, for example, may be
employed. In another modification example, a configuration
in which a plurality of recessed portions 2353a with a
shorter length in the longitudinal direction are provided in
the sheet passing area as in the heat conducting member
2353 illustrated in FIG. 39C may also be employed. Since
the heat conducting member 2352 includes the recessed
portions 2352a provided over the entire sheet passing area,
it is possible to obtain sufficient strength with respect to a
force received due to rotation of the film 2023. On the other
hand, the heat conducting member 2353 includes the
recessed portions 2353a with a shorter length in the longi-
tudinal direction provided at three locations in the sheet
passing area and is thereby inferior to the heat conducting
member 2352 in terms of strength. However, the heat
conducting member 2353 with a smaller volume is more
excellent than the heat conducting member 2352 from the
viewpoint of minimizing an increase in heat capacity. Also,
in a case where the recessed portion is worked by cutting
working, the heat conducting member 2353 including the
recessed portion with a shorter length is more excellent than
the heat conducting member 2351 and the heat conducting
member 2352 in terms of working cost. In other words, it is
possible to appropriately select a necessary configuration in
consideration of a pressurizing force of the fixing device,
strength required in accordance with a rotation rate of the
film and the like, a warming-up time required for the image
forming apparatus, a manufacturing cost of the heating unit,
and the like.

As other modification examples, various configurations
such as a configuration in which the recessed portion is
provided on the downstream side in the conveying direction
with respect to the heater, a configuration in which recessed
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portions are provided on both upstream and downstream
sides, and a configuration in which the substrate is made of
metal rather than ceramic are conceivable.

Example 8

Next, Example 8 according to the present invention will
be described. A fixing device 2409 in Example 8 does not
include a heat conducting member similarly to Example 6.
Also, in the fixing device 2409 in Example 8, a film guide
2421 includes a projecting portion 24215 and a recessed
portion 24224 provided at a substrate 2422a of a heater 2422
is engaged with the projecting portion 24215. Hereinafter,
similar reference signs will be applied to configurations that
are similar to those in Example 5 from among configurations
in Example 8, and description thereof will be omitted.

FIG. 40 is an overview sectional view of the fixing device
2409 in this example and illustrates a state in which two
pieces of recording material P bound with a staple H for a
staple have a toner image T and are conveyed to the fixing
device 2409. In this example, the heating unit does not
include a heat conducting member and is configured only of
the heater 2422.

The heater 2422 in this example includes a substrate
2422a made of metal, a heat generating element 24225, a
protective layer 2422¢, and insulating layers 2422¢ and
24221 Moreover, the recessed portion 24224 is formed near
an end portion of the substrate 2422a on the upstream side
in the conveying direction and on the side further upstream
than the heat generating element 24225 and the insulating
layer 2422fin the conveying direction. The recessed portion
2422d is recessed in the pressurizing direction (the thickness
direction of the substrate 24224) and on the side toward the
pressurizing roller 2030. On the other hand, a projecting
portion 24215 provided at the film guide 2421 extends in the
pressurizing direction on the side toward the pressurizing
roller 2030 and is engaged with the recessed portion 2422d.
In the heater 2422 in this example, the recessed portion
2422d is formed over the entire range in the longitudinal
direction as illustrated in FIG. 41A.

Even if a force in the direction ¢ works on the heater 2422
due to engagement between the recessed portion 24224 and
the projecting portion 24215, relative movement of the
heater 2422 on the downstream side in the conveying
direction with respect to the film guide 2421 is restricted.
Therefore, a clearance which the staple H enters does not
occur between the heater 2422 and the heater support
portion 2421a on the side further upstream than the heater
2422 in the conveying direction, and it is possible to prevent
hole opening in the film 2023 even in a case where a
recording material with something projecting such as the
staple H is conveyed according to the present invention.

As a result of carrying out a paper feeding test similar to
that in Example 5 using the fixing device 2409 in this
example, no holes opened in the film 2023 and satisfactory
fixed images were obtained on all evaluated papers. More-
over, since the substrate 2422a of the heater 2422 is pro-
vided with the recessed portion 2422 rather than a project-
ing portion in this example, the heater 2422 in this example
has a smaller volume and a smaller heat capacity as com-
pared with the heater 2222 in Example 6. Therefore, since
the heat capacity of the heater is reduced in this example as
compared with Example 6, it is possible to improve a
warming-up time of the fixing device.

Note that the present invention is not limited to the
aforementioned configuration, and in a modification
example, a configuration in which the recessed portion
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2423d is provided in the entire sheet passing area rather than
the entire region of the heater 2423 in the longitudinal
direction may also be employed as in the heater 2423
illustrated in FIG. 41B, for example. In another modification
example, a configuration in which a plurality of recessed
portion 24244 with a shorter length in the longitudinal
direction are provided in the sheet passing area may also be
employed as in the heater 2424 illustrated in FIG. 41C. The
heater 2423 includes the recessed portion 24234 provided
over the entire sheet passing area, and it is thus possible to
obtain sufficient strength with respect to a force received due
to rotation of the film 2023. On the other hand, the heater
2424 includes the recessed portions 2424d with a shorter
length in the longitudinal direction provided at three loca-
tions in the sheet passing area and is thus inferior to the
heater 2423 in terms of strength. However, the heater 2424
with a smaller volume than the heater 2423 is more excellent
from the viewpoint of minimizing an increase in heat
capacity. Also, in a case where the recessed portion is
worked by cutting working, the heater 2424 including the
recessed portion with a shorter length is more excellent than
the heater 2422 and the heater 2423 in terms of working cost.
In other words, it is possible to appropriately select a
necessary configuration in consideration of a pressurizing
force of the fixing device, strength required in accordance
with a rotation rate of the film and the like, a warming-up
time required for the image forming apparatus, a manufac-
turing cost of the heating unit, and the like.

Other modification examples include a configuration in
which the recessed portion is provided on the downstream
side in the conveying direction with respect to the heat
generating elements, a configuration in which the recessed
portions are provided on both upstream and downstream
sides, a configuration in which the substrate is made of
ceramic rather than metal, and the like. Furthermore, it is
also possible to combine the aforementioned plurality of
examples, and various configurations such as a configuration
in which both a projecting portion and a recessed portion are
provided at each of the heating unit and the film guide are
conceivable.

Hereinafter, configuration or concept examples disclosed
in the aforementioned embodiment will be described below.
However, these are just an example, and the disclosure of the
aforementioned embodiment is not limited to the configu-
rations or concepts described below.

Configuration B1

A heating device that heats a recording material with a nip
portion including:

a tubular film that is rotatable;

a heating unit that is provided in an internal space of the

film and heats the film;

a support member that holds the heating unit, comes into
contact with an inner circumferential surface of the
film, and guides rotation of the film; and

a rotating body that forms the nip portion between the
rotating body and the film,

in which any one of the heating unit and the support
member includes an engaging portion that is located in
a sheet passing area in a width direction of a recording
material that is orthogonal to a conveying direction of
the recording material, and the other includes an
engaged portion that is engaged with the engaging
portion,

a position of the heating unit in the conveying direction
with respect to the support member is determined by
the engaging portion engaging the engaged portion, and
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the engaging portion and the engaged portion are located
on a side further downstream than an inlet of the nip
portion and on a side further upstream than an outlet of
the nip portion in the conveying direction.

Configuration B2

The heating device according to Configuration B1, further

includes:

a holding member that is located outside the sheet passing
area and holds both end portions of the heating unit in
the width direction such that relative movement of the
heating unit with respect to the support member is
restricted.

Configuration B3
In the heating device according to Configuration B1 or
B2,

the engaging portion is a projecting portion,

the engaged portion is a recessed portion, and

the projecting portion projects in a direction that is
orthogonal to the conveying direction such that the
projecting portion overlaps the recessed portion when
seen in the conveying direction.

Configuration B4

In the heating device according to any one of Configu-
rations B1 to B3, the engaging portion is provided at a center
of the sheet passing area in the width direction.
Configuration B5

In the heating device according to any one of Configu-
rations B1 to B4, a plurality of the engaging portions are
provided in the sheet passing area.
Configuration B6

In the heating device according to any one of Configu-
rations B1 to BS, the heating unit includes a heater and a heat
conducting member that comes into contact with an inner
circumferential surface of the film and transmits heat of the
heater to the film.
Configuration B7

In the heating device according to Configuration B6, the
heat conducting member is joined to the heater to cover the
entire region of the heater in a transverse direction when
seen in a pressurizing direction that is orthogonal to the
conveying direction and the width direction.
Configuration B8

In the heating device according to Configuration B6 or
B7,
the engaging portion is provided in the heat conducting
member, and
the engaged portion is provided in the support member.
Configuration B9

In the heating device according to Configuration B8, the
engaging portion is provided at an end portion of the heat
conducting member on an upstream side in the conveying
direction and extends on a side away from the rotating body,
which is a direction that is orthogonal to a surface of a
conveyed recording material.
Configuration B10

In the heating device according to Configuration B8 or
B9,

the heat conducting member is a thin and long plate
member, and

the engaging portion is formed by folding the plate
member.

Configuration B11

In the heating device according to Configuration B10, the

heater includes a substrate made of metal.
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Configuration B12

In the heating device according to Configuration B6,

the engaging portion is provided in the support member,

and

the engaged portion is provided in the heat conducting

member.
Configuration B13
In the heating device according to Configuration B12,
the engaging portion extends on the side closer to the
rotating body, which is a direction that is orthogonal to
a surface of a conveyed recording material, and
the engaged portion is provided at an end portion of the
heat conducting member on an upstream side in the
conveying direction.
Configuration B14

In the heating device according to any one of Configu-
rations B1 to B5, the heating unit includes a substrate, a heat
generating element that is provided on the substrate, and a
protective layer that covers the heat generating element, and
is a heater in which the heat generating element generates
heat in response to power distribution.

Configuration B15

In the heating device according to Configuration B14,

the engaging portion is provided in the heater, and

the engaged portion is provided in the support member.
Configuration B16

In the heating device according to Configuration B15, the
engaging portion is provided at an end portion of the
substrate on an upstream side in the conveying direction and
extends on a side away from the rotating body, which is a
direction that is orthogonal to a surface of the conveyed
recording material.

Configuration B17

In the heating device according to Configuration B15 or
B16,

the substrate is a thin and long plate member, and

the engaging portion is formed by folding the plate

member.
Configuration B18

In the heating device according to Configuration B14,

the engaging portion is provided in the support member,

and

the engaged portion is provided in the heater.
Configuration B19

In the heating device according to Configuration B18,

the engaging portion extends on a side closer to the

rotating body, which is a direction that is orthogonal to
a surface of the conveyed recording material, and
the engaged portion is provided at an end portion of the
substrate on an upstream side in the conveying direc-
tion.
Configuration B20

An image forming apparatus includes:

an image forming portion that forms an image on a

recording material; and

the heating device according to any one of Configurations

B1 to B19 that fixes, on the recording material, the
image formed on the recording material.

Also, there is a configuration in which the number of
components such as a heater clip is reduced by bending the
metal substrate of the heater and engaging the heater with
the heater holder such that movement of the heater is
restricted, in the heating device configured of a heater, film,
a pressurizing roller, and the like. If the heat generating
element and the electrode for supplying power to the heat
generating element are provided to be adjacent to each other
in the longitudinal direction on the same plane of the
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substrate in such a configuration, it is not possible to achieve
size reduction of the heater, thus size reduction of the
heating device and the image forming apparatus. Thus, a
heater capable of reducing the size of the heating device will
be described next.

Example 9

(1) Image Forming Apparatus 3100

FIG. 42 is an overview configuration diagram of an image
forming apparatus 3100 using an electrophotography
recording technique according to Example 9. First, a con-
figuration and operations of the image forming apparatus
3100 will be described.

An image forming operation performed by an image
forming portion of the image forming apparatus 3100 will be
described. If the image forming apparatus 3100 receives a
printing instruction from an external device or the like, then
a scanner unit 3003 emits lase light L. in accordance with
image information to a photosensitive member 3001. The
photosensitive member 3001 charged with a predetermined
polarity by a charging roller 3002 is scanned with the laser
light I, and an electrostatic latent image in accordance with
the image information is formed on the surface of the
photosensitive member 3001. Thereafter, a developing
device 3004 supplies a toner to the photosensitive member
3001, and a toner image in accordance with the image
information is formed on the photosensitive member 3001.
The toner image on the photosensitive member 3001 moves
to a transfer position formed by the photosensitive member
3001 and a transfer roller 3005 through rotation of the
photosensitive member 3001 in the arrow R direction and is
transferred to a recording material P fed by a pickup roller
3007 from a cassette 3006. The surface of the photosensitive
member 3001 that has passed through the transfer position
is cleaned by a cleaner 3008.

A fixing device 3009 that serves as a fixing portion
performs fixing processing on the recording material P with
the toner image transferred thereto at the image forming
portion with heat and a pressure. Thereafter, the recording
material P is discharged to a discharge tray 3011 by a
discharge roller 3010.

(2) Fixing Device 3009

Next, a configuration and operations of the fixing device
3009 will be described. In this example, a tensionless-type
film heating-system fixing device 3009 is used as an
example of the heating device. The fixing device 3009 in this
example is a device in which an endless belt-shaped (or
cylindrical) heat-resistant film is used, at least a part of the
perimeter of the film is always kept free from tension (a state
in which no tension is applied thereto), and the film is driven
to rotate by a rotation drive force of a pressurizing member.

FIG. 43 is an overview sectional view of the fixing device
3009 in this example and illustrates a state in which the
recording material P including a toner image is conveyed to
the fixing device 3009. Also, FIG. 44 is an exploded
perspective view of the heater holder unit 3020 and periph-
eral components. FIG. 45 is a schematic front view of the
fixing device 3009 in which a part of a film 3023 is not
illustrated in order to illustrate an internal space of the film
3023.

A configuration of the fixing device 3009 will be
described with reference to FIG. 43. The fixing device 3009
in this example includes the tubular film 3023 that serves as
a first rotating body, a heater 3022 that heats the film 3023
in an internal space of the film 3023, a pressurizing roller
3030 that serves as a second rotating body that forms a nip
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portion N with the heater 3022 via the film 3023. The fixing
device 3009 further includes a heater holder 3021 that
supports the heater 3022 and guides rotation of the film 3023
and a reinforcing member 3024 that reinforces the heater
holder 3021. The film 3023 is driven to rotate in the arrow
a direction by the pressurizing roller 3030 receiving power
from a motor, which is not illustrated, and rotating in the
arrow b direction.

The film 3023 is a tubular rotating body. The thickness of
the film 3023 is preferably at least about 20 pm and not more
than 100 pm in order to secure satisfactory heat conductivity.
In a case where the film 3023 is a single-layer film, it is
preferable to use polytetrafluoroethylene (PTFE), tetrafluo-
roethylene-perfluoroalkyl vinyl ether (PFA), PPS, or the like
as a base layer. In a case of a composite-layer film, it is
preferable to use a material such as polyimide (PI), poly-
amidimide (PAI), polyether ethery ketone (PEEK), or
polyether sulfone (PES) as a base layer. Moreover, it is
preferable to configure the composite-layer film using, as a
release layer with which the surface of the base layer is to
be coated, a material such as PTFE, PFA, tetrafluoroethyl-
ene-perfluoroalkyl vinyl ether (FEP). Also, a film obtained
by using pure metal, an alloy or the like of SUS, Al, Ni, Cu,
Zn, or the like with high heat conductivity in a base layer and
performing the aforementioned coating processing or coat-
ing with a fluorine resin tube on the release layer is also
suitably used.

The film 3023 in this example is a composite-layer film in
which the base layer is made of PI to have a thickness of 60
um and is coated with a release layer made of PFA with a
thickness of 12 pum to achieve a balance between both
abrasion of the release layer due to paper feeding and
thermal conductivity. The axial direction of the cylindrical
shape of the film 3023 will be referred to as a longitudinal
direction below.

The heater holder 3021 is a support member provided in
an internal space of the film 3023 and supports the heater
3022. The heater holder 3021 has the film 3023 loosely
inserted thereonto and also has a guide function of guiding
rotation of the film 3023 while keeping slide contact with the
inner circumferential surface of the film 3023. For the heater
holder 3021, it is possible to suitably use a high-heat-
resistant resin such as polyimide, polyamidimide, PEEK,
PPS, or a liquid crystal polymer, or a composite material of
such a resin and ceramic, metal, glass, or the like. Among
these, it is possible to particularly preferably use the liquid
crystal polymer from the following advantages. First, it is
possible to set a high degree of freedom in a setting
temperature of the heater due to a high heat-resistant tem-
perature. Also, since it can be molded with a mold, satis-
factory productivity is achieved, and mass production can be
performed. Furthermore, it is possible to uniformize the
pressing force on the pressurizing member and to stabilize
paper conveying performance due to excellent dimension
stability. In this example, a composite material obtained by
mixing glass fiber into a liquid crystal polymer is used.

The heater 3022 that serves as a heat generating member
includes a thin and long substrate containing metal as a main
material, a heat generating element that generates heat in
response to power distribution, an insulating layer that
insulates the heat generating element from the substrate, and
a glass coating layer that protects the heat generating ele-
ment. A detailed configuration of the heater 3022 will be
described later.

A thermistor 3025 that is a temperature detection member
abuts on a surface of the heater 3022 abutting the heater
holder 3021. Power distribution to the heat resistor is
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controlled in accordance with the temperature detected by
the thermistor 3025, and the temperatures of the heater 3022
and the film 3023 are managed. In other words, a change in
temperature of the film 3023 is detected by the thermistor
3025 via the heater 3022.

The pressurizing roller 3030 includes a core metal of a
material such as iron or aluminum, an elastic layer of a
material such as silicone rubber, and a release layer of a
material such as PFA. A drive gear 3033 (see FIG. 45) is
attached to one end of the core metal of the pressurizing
roller 3030 in the longitudinal direction, and the drive gear
3033 is caused to receive a rotation drive force by drive
means, which is not illustrated, and causes the pressurizing
roller 3030 to rotate.

The reinforcing member 3024 is a member that is made of
metal such as iron and maintains strength for preventing
significant deformation even with a pressure of pressing the
heater holder 3021 on the side of the pressurizing roller
3030. The heater 3022 is pressed by pressing means, which
will be described later, on the side of the pressurizing roller
3030 via the heater holder 3021 and the reinforcing member
3024. The region where the pressurizing roller 3030 and the
film 3023 are in close contact with each other due to
pressurization is the nip portion N.

Next, details of the heater holder unit 3020 configured of
components such as the heater 3022 and peripheral compo-
nents will be described with reference to the perspective
view in FIG. 44. The heater 3022 is held by the heater holder
3021 and is positioned by a heater clip 3028 provided at an
end portion in the longitudinal direction with respect to the
heater holder 3021. The heater clip 3028 is formed of a metal
plate bent into a C shape and holds an end of the heater 3022
at the heater holder 3021 with a spring property thereof. The
heater holder unit 3020 in this example is configured of the
heater holder 3021, the heater 3022, and the heater clip
3028.

The heater holder 3021 has substantially a gutter-shaped
sectional shape that is orthogonal to the longitudinal direc-
tion, and the reinforcing member 3024 is fitted to the inside
of the gutter shape. A heater receiving groove is provided at
the heater holder 3021 on the side facing the pressurizing
roller 3030, and the heater 3022 is fitted into the heater
receiving groove and is fitted at a desired position. The film
3023 is fitted onto the outside of the heater holder 3021 with
which the aforementioned components are assembled with a
margin at the perimeter thereof. Both ends of the reinforcing
member 3024 in the longitudinal direction stick out from
both ends of the film 3023 to the outside, and flanges 3026
is fitted to both ends of the reinforcing member 3024.

Next, the configuration of the fixing device 3009 will be
described in further detail with reference to FIG. 45. In FIG.
45, a part of the film 3023 is not illustrated such that the
heater holder 3021 and the heater 3022 provided in the
internal space of the film 3023 can be visually recognized.
The flanges 3026 located at both end portions of the film
3023 restrict movement of the rotating film 3023 in the
longitudinal direction.

The heater holder unit 3020 is provided to face the
pressurizing roller 3030 and is supported by a top plate-side
casing 3041 via the flanges 3026 or the like. The heater
holder unit 3020 is supported by the top plate-side casing
3041 such that it can freely move in the pressurizing
direction, and movement thereof in the longitudinal direc-
tion is restricted by a side surface-side casing 3042. A
pressurizing spring 3045 is attached to the top plate-side
casing 3041 of the fixing device 3009 in a compressed state.
The pressing force of the pressurizing spring 3045 is
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received at end portions of the reinforcing member 3024 in
the longitudinal direction via the flanges 3026. The rein-
forcing member 3024 is pressed on the side of the pressur-
izing roller 3030 with the pressing force of the pressurizing
spring 3045, the heater holder unit 3020 is pressed on the
side of the pressurizing roller 3030, and the nip portion N is
formed between the film 3023 and the pressurizing roller
3030.

The bearing member 3031 is provided to axially support
the metal core of the pressurizing roller 3030 and receives
the pressing force from the heater holder unit 3020 via the
pressurizing roller 3030. In order to rotatably support the
metal core of the pressurizing roller 3030 that is heated to a
relatively high temperature, a material with heat resistance
and excellent slidability is used for the bearing member
3031. The bearing member 3031 is attached to a bottom-side
casing 3043 of the fixing device 3009.

(3) Heater 3022

Next, the heater 3022 in this example will be described in
detail. First, a material configuring the heater 3022, a
manufacturing method, and the like will be described using
FIG. 46.

FIG. 46 is a sectional view of the heater 3022. The heater
3022 includes a thin and long substrate 3221 that contains
metal as a main material, heat generating elements 3223 that
generate heat in response to power distribution, an insulating
layer 3222 that insulates the heat generating elements 3223
from the substrate 3221, and a protective layer 3224 that
protects the heat generating elements 3223. Also, an insu-
lating layer 3225 and an insulating layer 3225 are also
provided on the surface of the substrate 3221 on the side
opposite to the surface on which the heat generating ele-
ments 3223 are provided in order to prevent warpage of the
substrate at the time of manufacturing. The heat generating
elements 3223 are provided on the surface of the substrate
3221 facing the pressurizing roller 3030.

As a metal material used in the substrate 3221, stainless
steel, nickel, copper, aluminum, or an alloy containing such
metal as a main material is suitably used. Among these,
stainless steel is most preferably used in terms of strength,
heat resistance, and corrosion. The type of stainless steel is
not particularly limited, and it is only necessary to appro-
priately select stainless steel in consideration of necessary
mechanical strength, a linear expansion coefficient in accor-
dance with formation of the insulating layer 3222 and the
heat generating elements 3223, easiness of obtaining the
plate material in the market, and the like. In one example,
martensite-based stainless steel and ferrite-based stainless
steel of chromium-based stainless steel (400-based) have
relatively low linear expansion coefficients from among
others and are thus suitably used because the insulating layer
and the heat generating elements are easily formed with
them.

The thickness of the substrate 3221 may be determined in
consideration of strength, a heat capacity, and heat dissipa-
tion performance. Although a thin thickness of the substrate
leads to a small heat capacity and is thus advantageous for
quick starting, a problem such as distortion is likely to occur
when the heat generating element is heat-molded if the
thickness is too thin. On the contrary, although a thick
thickness of the substrate is advantageous in terms of
distortion when the heat generating element is heat-molded,
an excessively thick thickness is disadvantageous for quick
starting due to a large heat capacity. A preferable thickness
of the substrate 3221 is 0.3 mm to 2.0 mm in a case where
a balance of mass production, cost, and performance is taken
into consideration.
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The substrate 3221 in this example is a ferrite-based
stainless steel substrate (SUS430:18Cr stainless steel) with
a width of 20 mm, a length of 376 mm, and a thickness of
0.3 mm. The shape of the substrate 3221 that is characteristic
in the present invention will be described in detail.

Although a material of the insulating layers 3222 and
3225 is not particularly limited, it is necessary to select a
material with heat resistance in view of a temperature in
actual use. As a material, glass or polyimide (PI) is prefer-
ably used in terms of heat resistance, and selection of a
specific powder material in the case of glass may be appro-
priately performed without damaging the properties of the
present invention. A heat conductive filler with an insulating
property and the like may be incorporated as needed. Mate-
rials and thicknesses of the insulating layers 3222 and 3225
may be similar to each other, or no problem occurs if they
are changed as needed.

In general, a heater used in an image forming apparatus
preferably has dielectric strength of about 1.5 kV. Therefore,
it is only necessary to secure the film thickness of the
insulating layer 3222 in accordance with the material in
order to obtain dielectric strength performance of 1.5 kV
between the heat generating elements 3223 and the substrate
3221.

Although a method for forming the insulating layers 3222
and 3225 and the heat generating elements 3223, which will
be described later, is not particularly limited, it is possible to
smoothly form them by a screen printing method in one
example. It is only necessary to form them on the bent
portion of the heater, which will be described later, as well
by the screen printing or the like. When an insulating layer
of glass or polyimide (PI) is formed on the substrate 3221,
it is necessary to appropriately adjust the linear expansion
coefficients of the materials of the substrate and the insu-
lating layer such that cracking or peeling does not occur in
insulating layer due to a difference between the linear
expansion coefficients of the materials.

In this example, an insulating layer glass paste is applied
to the substrate 3221 made of stainless steel by screen
printing, the resulting object is dried at 180° C. and is baked
at 850° C., and the insulating layers 3222 and 3225 are
thereby formed. The insulating layer after the baking has a
thickness of 25 um and are formed on both surfaces of the
substrate 3221.

The heat generating elements 3223 are obtained by print-
ing a heat resistor paste obtained by mixing a conductive
component (A), a glass component (B), and an organic
binding component (C) to the insulating layer 3222 and then
baking the resulting object. If the heat resistor paste is baked,
the organic binding component (C) is burnt and disappears
and the components (A) and (B) remain, and the heat
generating element 3223 containing the conductive compo-
nent and the glass component is thereby formed. Here,
silver-palladium (Ag-Pd), ruthenium oxide (RuQO,), or the
like is used alone or in combination as the conductive
component (A), and it is preferable to obtain a sheet resis-
tance value of 0.1 [€2/(]] to 100 [k€/[]]. Also, there may be
no problem if other materials are contained in addition to (A)
to (C) described above as long as the amounts are very small
and properties of the present invention are not damaged.

The power supply electrode 3226 and the power conduc-
tion pattern 3227 contain silver (Ag), platinum (Pt), gold
(Au), a silver-platinum (Ag-Pt) alloy, a silver-palladium
(Ag-Pd) alloy, or the like as a main constituent. The power
supply electrode 3226 and the power conduction pattern
3227 are formed by printing the paste obtained by mixing
the conductive component (A), the glass component (B), and
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the organic binding component (C) on the insulating layer
3222 and baking the paste similarly to the heat resistor paste.

The power supply eclectrode 3226 and the conduction
pattern 3227 that serves as a conductive body are provided
for the purpose of supplying power to the heat generating
elements 3223, and the resistance is set to be sufficiently low
with respect to the heat generating elements 3223. Here, it
is necessary to select a material that is softened and melts at
a temperature that is lower than the melting point of the
substrate 3221 and to select a material with heat resistance
in view of the temperature in actual use, for the aforemen-
tioned heat resistor paste and the power supply electrode and
the conduction pattern paste.

In this example, a heat resistor paste obtained by using
silver-palladium (Ag-Pd) as a conductive component and
additionally incorporating a glass component and an organic
binding component and a paste for the power supply elec-
trode and the conduction pattern obtained by using silver as
a conductive component and additionally incorporating a
glass component and an organic binding component are
used. Each paste is applied to the substrate 3221 made of
stainless steel on which the insulating layers 3222 and 3225
are provided by screen printing, the resulting object is then
dried at 180° C. and is baked at 850° C., and the heat
generating elements 3223, the power supply electrode 3226,
and the conduction pattern 3227 are formed. The heat
generating elements 3223 after the baking have a thickness
of 15 um, a length of 312 mm, and a width of 1.1 mm.

The protective layer 3224 is provided to cover the heat
generating elements 3223 and the conduction pattern 3227.
In a case where the heat generating elements 3223 are
disposed on the side on which they come into contact with
the film 3023, the protective layer 3224 is provided as a
protective layer to secure electrical insulation between the
heat generating elements 3223 and the film 3023 and to
secure slidablity of the heat generating elements 3223 and
the film 3023. As a material, glass or polyimide (PI) is
preferably used in view of heat resistance, and a heat
conductive filler with an insulating property or the like may
be incorporated as needed.

In this example, a protective layer glass paste is prepared,
the protective layer glass paste is applied to the heat gen-
erating elements 3223 and the conduction pattern 3227 by
screen printing, the resulting object is dried at 180° C. and
is baked at 850° C., and the protective layer 3224 is thereby
formed. The thickness of the protective layer 3224 after the
baking is 30 um.

Next, the shape of the heater 3022 that is characteristic in
the present invention will be described using FIG. 47. FIG.
47 is a perspective view illustrating a configuration of the
heater 3022 in this example. The substrate 3221 of the heater
3022 in this example is formed by being bent in the
longitudinal direction and folded at an end portion in the
longitudinal direction at 90°. The heat generating elements
3223 and the power supply electrode 3226 are provided on
the substrate 3221, and the substrate 3221 includes a heat
generating element placement portion 3221a, an electrode
placement portion 32215, and a bent portion 3221c.

The heat generating element placement portion 3221a
linearly extends in a direction that is orthogonal to the
conveying direction of the recording material P at the nip
portion N, and the two heat generating elements 3223 are
disposed. Also, the heat generating element placement por-
tion 3221a forms the nip portion N with the pressurizing
roller 3030 via the film 3023. The bent portion 3221¢ extend
to be bent from one end of the heat generating element
placement portion 3221a in the longitudinal direction
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toward the thickness direction of the heat generating element
placement portion 3221a. The electrode placement portion
32215 extends perpendicularly to the heat generating ele-
ment placement portion 3221a, and the power supply elec-
trode 3226 to which power for distributing power to the heat
generating elements 3223 is supplied is disposed. Note that
in the fixing device 3009 in this example, the thickness
direction of the heat generating element placement portion
3221a is parallel to the pressurizing direction of the record-
ing material P. Also, orthogonal, vertical, and parallel
described herein are not necessarily orthogonal, vertical, and
parallel in a strict sense as long as it is possible to achieve
the function of the image forming apparatus.

In other words, the heat generating element 3223 and the
power supply electrode 3226 are not in the same plane, and
the conduction pattern 3227 extends from the heat generat-
ing element placement portion 32214 to the electrode place-
ment portion 32215 via the bent portion 3221c¢ in this
example. In other words, the point that the substrate 3221 is
bent such that the planar-shaped heat generating element
placement portion 3221a and electrode placement portion
32215b extend to perpendicularly intersect each other is a
characteristic point in the present invention.

Note that the aforementioned bending does not necessar-
ily mean that the substrate is molded by performing bending
working on a plate material. For example, it is possible to
expect an effect of reducing the size of the heating device,
which will be described later, even with a configuration in
which the substrate formed to have a similar shape is
provided by means such as casting working or cutting
working. In other words, although the substrate is molded
using bending working as a working method from which
easiness of working and an effect of enhancing strength of
the substrate achieved by plastic working can be expected in
this example, the method for molding the substrate in the
present invention is not limited to plastic working.

(4) Method for Holding Heater 3022 and Method for Sup-
plying Power Thereto

Subsequently, the heater holder unit 3020 configured of
the heater holder 3021, the heater 3022, and the heater clip
3028 will be described in detail using FIGS. 48 and 49. FIG.
48 is a perspective view illustrating one end side of the
heater holder unit 3020 in this example in the longitudinal
direction on which the power supply contact point 3211 is
provided. FIG. 49 is a perspective view illustrating the
heater holder unit 3020 in a state in which the heater 3022
is engaged with the heater holder 3021.

The heater holder 3021 in this example includes, at an end
portion in the longitudinal direction, a holding portion
3021q into which the electrode placement portion 32215 of
the heater 3022 is inserted, and is provided with a power
supply contact point 3211 that serves as power supply means
provided in the holding portion 3021a. The heater 3022 is
held by the heater holder 3021 in a state in which a part
including the electrode placement portion 32215 provided
with the power supply electrode 3226 is inserted into the
holding portion 3021a of the heater holder 3021. In other
words, the electrode placement portion 32215 is provided on
the side away from the nip portion N with respect to the heat
generating element placement portion 3221a in the thickness
direction of the heat generating element placement portion
3221a. The power supply electrode 3226 on the electrode
placement portion 32215 and the power supply contact point
3211 in the heater holder come into contact with each other
with an abutting pressure by the electrode placement portion
32215 of the heater 3022 being inserted into the holding
portion 3021a of the heater holder 3021.
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The power supply contact point 3211 in the heater holder
3021 is electrically connected to a bunched line 3029 that
serves as a power distribution path from control means.
Control performed by the control means (for example,
triac-based power distribution and disconnection control
means that is known in the related art), which is not
illustrated, in accordance with the temperature detected by
the thermistor 3025 is performed by distributing power to
the heater 3022 through the bunched line 3029.

One end side of the heater 3022 in the longitudinal
direction is positioned and held by the electrode placement
portion 32215 provided with the power supply electrode
3226 being inserted into the holding portion 3021a, and
further, the other end side of the heater 3022 on the side
opposite to the one end in the longitudinal direction is
positioned by the heater clip 3028. In this manner, the heater
3022 is configured to keep the power distribution without
any deviation of the power supply portion by both ends
thereof being held in a positioned state even in a case where
the heater 3022 extends due to thermal expansion at the time
of heating.

(5) Effects and Advantages

In order to check effects and advantages of the present
invention, this example is compared with a comparative
example of the configuration in the related art. FIG. 50 is a
perspective view illustrating a heater holder unit 3050 in the
comparative example. The heater holder unit 3050 in the
comparative example is configured of a heater holder 3051,
a heater 3052, a heater clip 3028, and a power supply
connector 3027. The heater 3052 in the comparative
example is provided with heat generating elements 3223 and
a power supply electrode 3226 on the same plane of a
substrate 3521, includes both end portions in the longitudi-
nal direction held by the heater clip 3028 and the power
supply connector 3027, and is positioned with respect to the
heater holder 3051. Also, a power supply contact point is
provided in the power supply connector 3027 that serves as
power supply means, and power can be supplied to the
heater 3052 by the power supply contact point in the power
supply connector 3027 coming into contact with the power
supply electrode 3226 of the heater 3052. In other words, it
is possible to state that the configuration in the related art is
a configuration in which the heat generating elements and
the power supply electrode are provided on the same plane
of the substrate and the power supply electrode is provided
on an extension of the heat generating elements in the
longitudinal direction.

In comparison between the heater holder units in this
example and the comparative example, this example can be
configured to be smaller by about 7 mm in the longitudinal
direction. In other words, it is possible to reduce the size of
the heater holder unit in the longitudinal direction by
employing the configuration in which the substrate of the
heater is bent and the electrode is provided on the surface
that is different from the surface with the heat generating
element provided thereon and supplying power from the
power supply contact point provided in the heater holder to
the heater. Moreover, it is also possible to expect an effect of
reducing the size in the conveying direction as well depend-
ing on the apparatus configuration by eliminating the power
supply connector.

As described above, it is not necessary to provide the
power supply connector to the heater holder unit, and it is
thus possible to save the space corresponding to provision of
the power supply connector according to the present inven-
tion. Moreover, since the power supply contact point that
requires a predetermined width is provided on the plane that
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is different from the plane with the heat generating elements
provided thereon, it is possible to realize size reduction of
the heater holder unit and thus size reduction of the fixing
device and the image forming apparatus.

Example 10

Next, Example 10 according to the present invention will
be described. Example 10 is configured to be different from
Example 9 in the method of supplying power to the heater.
Similar reference signs will be applied to configurations that
are similar to those in Example 9 from among configurations
in Example 10, and description thereof will be omitted.
Hereinafter, characteristic configurations in Example 10 will
be described using FIG. 51.

FIG. 51 is a schematic perspective view illustrating a
heater holder unit 3060 and power supply means in this
example. A heater 3022 provided in the heater holder unit
3060 is configured to include a bent portion similarly to
Example 9. A heater holder 3061 holds the heater 3022 and
does not include power supply means as in Example 9. An
electrode placement portion 32215 provided with a power
supply electrode 3226 of the heater 3022 in this example is
provided at one end of the heater holder unit 3060 in a
longitudinal direction. Also, once the heater holder unit 3060
is incorporated in an image forming apparatus, then the
electrode placement portion 32215 faces a side surface-side
casing 3042, and the power supply electrode 3226 comes
into contact with a power supply contact point 3421 that is
provided on the side-surface-side casing 3042 and serves as
power supply means, with abutting pressure. In other words,
the image forming apparatus in this example supplies power
to the heater from power distribution control means via the
power supply means provided on the casing.

In comparison between the heater holder units in this
example and the aforementioned comparative example that
is a configuration in the related art, this example can be
configured to be smaller by about 12 mm in the longitudinal
direction. In other words, it is possible to obtain an effect of
further saving a space in the longitudinal direction as
compared with Example 1 by providing the power supply
means on the casing of the image forming apparatus rather
than inside the heater holder.

Example 11

Next, Example 11 according to the present invention will
be described. Example 11 is configured to be different from
Example 9 in the shape of the heater. Similar reference signs
will be applied to configurations that are similar to those in
Example 9 from among configurations in Example 11, and
description thereof will be omitted. Hereinafter, character-
istic configurations in Example 11 will be described using
FIGS. 52A and 52B, FIG. 53, and FIGS. 54A and 54B.

FIG. 52A is a schematic perspective view of a heater 3072
in this example when seen from the side of a heat generating
elements 3223, and FIG. 52B is a schematic perspective
view when seen from the side of a power supply electrode
3226. A substrate 3721 of the heater 3072 in this example is
bent by two bent portions 3721¢ such that a heat generating
element placement portion 3721a and an electrode place-
ment portion 37215 extend in parallel with each other. In
other words, the substrate 3721 is molded by an end portion
in the longitudinal direction being folded at 180°.

FIG. 53 is a schematic perspective view illustrating a
heater holder 3071 and a power supply contact point 3077
that serves as power supply means in this example. The
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power supply contact point 3077 in this example is disposed
to be located near an end portion of the heater holder 3071
in the longitudinal direction and on the side opposite to the
side facing the nip portion N.

FIG. 54A is a schematic perspective view of a heater
holder unit 3070 in this example when seen from the side of
the electrode placement portion 37215, and FIG. 54B is a
schematic perspective view when seen from the side of the
heat generating element placement portion 3721a. The
heater 3072 in this example is disposed such that the heat
generating element placement portion 3721a and the elec-
trode placement portion 37215 sandwich the heater holder
3071. The heater 3072 held by the heater holder 3071 in this
state is disposed such that the power supply electrode 3226
comes into contact with the power supply contact point 3077
with an abutting pressure in the image forming apparatus. In
other words, power distribution control means supplies
power to the heater via power supply means provided in the
rear side of the heat generating element placement portion in
the image forming apparatus in this example.

In comparison between the heater holder units in this
example and the aforementioned comparative example that
is a configuration in the related art, this example can be
configured to be smaller by about 13 mm in the longitudinal
direction. In other words, it is possible to obtain an effect of
further saving a space in the longitudinal direction as
compared with Example 1 by bending the substrate such that
the electrode placement portion is parallel with the heat
generating element placement portion rather than being
perpendicular thereto and establishing connection to power
supply means located on the rear side of the heat generating
element placement portion.

Example 12

Next, Example 12 according to the present invention will
be described. Example 12 is a configuration in which a
method for supplying power to a heater is different from that
in Example 9. Similar reference signs will be applied to
configurations that are similar to those in Example 9 from
among the configurations in Example 12, and description
thereof will be omitted. Hereinafter, characteristic configu-
rations in Example 12 will be described using FIG. 55.

FIG. 55 is an overview diagram illustrating a configura-
tion for supplying power to a heater 3022 held by a heater
holder 3081 in this example. The heater 3022 in this example
has a configuration including a bent portion 3221¢ similarly
to Example 9. An electrode placement portion 32215 pro-
vided with a power supply electrode 3226 in the heater 3022
is provided at one end of the heater holder unit 3080 in the
longitudinal direction. Also, a power supply connector 3027
is connected to the electrode placement portion 32215 in this
example. Since the substrate 3221 is bent in the fixing device
in this example, the power supply connector 3027 is attached
in a state in which it is rotated by 90° as compared with the
configuration in the related art (see FIG. 50). Power supply
to the heater 3022 is performed by a power supply contact
point inside the power supply connector 3027 that serves as
power supply means being connected to the power supply
electrode 3226.

In comparison between the heater holder units in this
example and the aforementioned comparative example that
is a configuration in the related art, it is possible to configure
this example to be smaller by about 3 mm in the longitudinal
direction. In other words, a space saving effect in the
longitudinal direction can be obtained by employing a
configuration in which the power supply connector is rotated
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by 90° such that it can be connected to the heater. This
example is particularly advantageous for a configuration in
which differences in vertical and horizontal widths of the
power supply connector are large.

Modification Examples

Note that although the present invention has been
described using a monochrome image forming apparatus in
each of the aforementioned examples, the present invention
can also be applied to other various apparatuses as described
at the beginning. Examples of other image forming appara-
tuses to which the present invention is applied include a
tandem-type color image forming apparatus using a record-
ing material conveyance belt, a four-cycle-type intermediate
transfer-system color image forming apparatus, and a tan-
dem-type intermediate transfer-system color image forming
apparatus. Moreover, other examples include a color image
forming apparatus using a recording material conveyance
belt based on an intermediate transfer-system and an image
forming apparatus using four or more toners. Similar effects
can be obtained from the aforementioned image forming
apparatuses by applying the present invention thereto.

Also, although each of the aforementioned examples has
been described using a tensionless-type film heating system
including a heater on the side of the inner surface of the film,
the present invention can be applied to other systems as well.
Examples of other systems include a fixing device including
a heating roller as a roller for heating a toner image on a
recording material and using a configuration of pressurizing
a film assembly unit on the heating roller. Similar effects can
be obtained even from the fixing device using the afore-
mentioned configuration by applying the present invention
thereto.

Other modification examples also include a configuration
in which heat generating elements are provided not on the
side of the surface of the heater abutting the film but on the
surface on the opposite side. In addition, the layer configu-
ration of the heater can be modified in various manners in
accordance with an application, a size, and the like of the
apparatus, and similar effects are obtained even from such a
configuration by applying the present invention thereto.

Other modification examples include an example in which
the shape of a substrate is changed by more mildly bending
the substrate. FIG. 56 is a schematic perspective view
illustrating a heater 3092 obtained by more mildly bending
a substrate as compared with Example 9 (see FIG. 47). FIG.
57 is a schematic perspective view illustrating a heater 3102
obtained by more mildly bending a substrate as compared
with Example 11 (see FIGS. 52A and 52B). Since each of the
substrate 3921 and the substrates 3921 and 3971 includes a
heat generating element placement portion 3921a and heat
generating element placement portions 3921a and 3971a, an
electrode placement portion 39215 and electrode placement
portions 39215 and 39715, and a bent portion 3921¢ and
bent portions 3921¢ and 3971¢ and has a configuration that
is similar to that in the aforementioned example other than
the shape of the bent portion, description thereof will be
omitted. Similar effects can be obtained by applying the
present invention even from such a configuration including
a mild bent portion and a configuration in which a steep bent
portion and a mild bent portion are used together.

Other modification examples include a configuration in
which power supply means and a power supply electrode are
welded and connected to each other. FIG. 58 is a schematic
perspective view illustrating a state in which a power supply
contact point 3087 instead of a power supply connector is
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welded to the electrode placement portion 32215 of the
heater as a modification example of Example 12 (see FIG.
55). Since the other configurations are similar to those in
Example 12, description thereof will be omitted. The power
supply means is not limited to those employed in the
examples in this manner, various modifications can be made,
and similar effects can be obtained even from such configu-
rations by applying the present invention thereto.

Hereinafter, configuration or concept examples disclosed

in the aforementioned embodiment will be described below.
However, these are just an example, and the disclosure of the
aforementioned embodiment is not limited to the configu-
rations or concepts described below.

Configuration C1

A heater includes:

a heat generating element;

an electrode that is for supplying power to the heat
generating element; and

a substrate that is thin and long and includes the heat
generating element and the electrode provided thereon,

in which the substrate includes

a heat generating element placement portion that extends
in a longitudinal direction, and

an electrode placement portion that is positioned by being
bent from one end of the heat generating element
placement portion in the longitudinal direction, and

the heat generating element is disposed on the heat
generating element placement portion, and the elec-
trode is disposed on the electrode placement portion.

Configuration C2

The heater according to Configuration C1, further

includes:

a conductive body that electrically connects the heat
generating element to the electrode and extends from
the heat generating element placement portion to the
electrode placement portion.

Configuration C3

In the heater according to Configuration C1 or C2, the
heat generating element placement portion includes a plane
on which the heat generating element is provided.
Configuration C4

In the heater according to Configuration C3, the electrode
placement portion extends perpendicularly to the plane.
Configuration C5

In the heater according to Configuration C3, the electrode
placement portion extends in parallel with the plane.
Configuration C6

In the heater according to any one of Configurations C1
to C5, the substrate is molded by folding a plate containing
metal as a main material.
Configuration C7

A heating device including:

a first rotating body;

the heater according to any one of Configurations C1 to
C6 that is provided in an internal space of the first
rotating body; and

a second rotating body that forms a nip portion with the
heat generating element placement portion of the heater
via the first rotating body.

Configuration C8

In the heating device according to Configuration C7, the
electrode placement portion is located on a side further from
the nip portion than the heat generating element placement
portion in a thickness direction of the heat generating
element placement portion.
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Configuration C9

In the heating device according to Configuration C8, the
heat generating element is provided on a surface of the
substrate facing the second rotating body in the thickness
direction.

Configuration C10

In the heating device according to any one of Configu-
rations C7 to C9,

the first rotating body is a tubular film, and

a second rotating body is a roller.

Configuration C11

In the heating device according to any one of Configu-
rations C7 to C10, further including:

a heater holder that holds the heater and guides rotation of

the first rotating body,

in which the heater holder is provided with a power

supply means for supplying power to the electrode.
Configuration C12

In the heating device according to Configuration C11,

the power supply means is provided in the heater holder,

and

the heater holder includes a holding portion that holds the

heater by a part of the heater including the electrode
being inserted thereinto.
Configuration C13

An image forming apparatus includes:

an image forming portion that forms an image on a

recording material; and

the heating device according to any one of Configurations

C7 to C12 that fixes, on the recording material, the
image formed on the recording material.
Configuration C14

An image forming apparatus includes:

an image forming portion that forms an image on a

recording material;

the heating device according to any one of Configurations

C7 to C10 that fixes, on the recording material, the
image formed on the recording material; and

a casing inside which the image forming portion and the

heating device are provided,

in which a power supply means for supply power to the

electrode is provided on a surface of the casing facing
the heater on the side of the one end of the substrate in
the longitudinal direction.

Configuration C15

A heater holder that holds a heater including a heat
generating element, an electrode that is for supplying power
to the heat generating element, and a thin and long substrate
on which the heat generating element and the electrode are
provided includes:

a holding portion that holds the heater by a part of the

heater being inserted thereinto; and

a power supply means for supplying power to the elec-

trode, the power supply means being provided at the
holding portion,

in which the power supply means is connected to an

electrode provided in the heater inserted into the hold-
ing portion.

Also, there is a configuration in which the film unit is
offset on the upstream side of the nip portion in the con-
veying direction for a heating device configured of a heater,
a film, a pressurizing roller, and the like in order to fix a toner
image on a recording material with a small amount of heat.
This is because it is possible to efficiently fix a toner heated
and softened from the upstream side to the downstream side
of the nip portion in the recording material conveying
direction on the recording material by strongly pressurizing
the toner on the downstream side of the nip portion in the
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conveying direction and to improve fixing performance in
such a configuration. However, in a case of a configuration
in which the position of the nip portion is caused to deviate,
fixing performance is likely to deteriorate since the heat
generating portion of the heater is localized on the upstream
side in the conveying direction if the width of the nip portion
decreases due to variations in hardness, pressurizing force,
and the like of the pressurizing roller. In other words, there
is a probability that the fixing performance may vary in the
above configuration in a case where the width of the nip
portion changes. Thus, a heater capable of curbing variations
in fixing performance will be described next.

Example 13

(1) Image Forming Apparatus

As a general image forming apparatus 4100 in the present
embodiment, operations of a laser printer using an electro-
photography recording technique will be briefly described
using FIG. 59. FIG. 59 is a “sectional view of the general
image forming apparatus 4100 in the present embodiment”.

An image forming operation performed by an image
forming portion of the image forming apparatus 4100 will be
described. If the image forming apparatus 4100 receives a
printing instruction from an external device or the like, then
a scanner unit 4003 emits laser light L in accordance with
image information toward a photosensitive member 4001.
The photosensitive member 4001 charged with a predeter-
mined polarity by the charging roller 4002 is scanned with
the laser light [, and an electrostatic latent image in accor-
dance with the image information is formed on the surface
of'the photosensitive member 4001. Thereafter, a developing
device 4004 supplies a toner to the photosensitive member
4001, and a toner image in accordance with the image
information is formed on the photosensitive member 4001.
The toner image on the photosensitive member 4001 moves
to a transfer position formed by the photosensitive member
4001 and a transfer roller 4005 through rotation of the
photosensitive member 4001 in the arrow R direction and is
then transferred to the recording material P fed by a pickup
roller 4007 from a cassette 4006. The surface of the photo-
sensitive member 4001 that has passed through the transfer
position is cleaned with a cleaner 4008.

A fixing device 4009 that serves as a fixing portion
performs fixing processing on the recording material P with
the toner image transferred thereto with heat and a pressure.
Thereafter, the recording material P is discharged to a
discharge tray 4011 by a discharge roller 4010.

(2) Fixing Device

Next, a configuration and operations of the fixing device
4009 will be described. In the present embodiment, a
tensionless-type film heating-system fixing device 4009 is
used as an example of the heating device. The fixing device
4009 in the present embodiment is a device in which an
endless belt-shaped (or cylindrical) heat-resistant film is
used, at least a part of the perimeter of the film is always kept
free from tension (a state in which no tension is applied
thereto), and the film is driven to rotate by a rotation drive
force of a pressurizing member.

A configuration of the fixing device 4009 will be
described with reference to FIG. 60. FIG. 60 is an overview
sectional view of the fixing device 4009 in the present
embodiment. The fixing device 4009 in the present embodi-
ment includes a rotatable tubular film 4023 as a first rotating
body, a heater 4022 that heats the film 4023 in an internal
space of the film 4023, and a heater holder 4021 that
supports the heater 4022, guides rotation of the film 4023,
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and is made of a heat-resistant resin. The fixing device 4009
further includes a reinforcing member 4024 that reinforces
the heater holder 4021 and a pressurizing roller 4030 that
forms a nip portion N between the pressurizing roller 4030
and the film 4023 as a second rotating body. The film unit
4020 in the present embodiment is configured of members
such as the film 4023, the heater 4022, the heater holder
4021, the reinforcing member 4024, and the like. Here, all
of the heater 4022, the film 4023, the heater holder 4021, and
the pressurizing roller 4030 are members extending to be
long in the rotational axis direction of the pressurizing roller
4030. An axial direction of the cylindrical shape of the film
4023 (the arrow direction into which the fixing film is
inserted in FIG. 61) that is parallel with the rotational axis
direction of the pressurizing roller 4030 will be referred to
as a longitudinal direction below. Also, the conveying direc-
tion of the recording material P inside the nip portion N is
orthogonal to the longitudinal direction in the present
embodiment.

If the pressurizing roller 4030 receives power from a
motor and rotates in the arrow b direction, then the film 4023
is driven and rotates in the arrow a direction. The toner
image T on the recording material P is heated and fixed to
the recording material P by the recording material P being
nipped and conveyed by the nip portion N. The pressuriza-
tion position of the pressurizing roller 4030 is substantially
the same as the center portion of the heater 4022 in the
conveying direction of the recording material P. In other
words, the centers of the heater 4022 and the pressurizing
roller 4030 overlap each other in the conveying direction in
the fixing device 4009 in this example similarly to the
configuration in the related art.

Next, members configuring the fixing device 4009 will be
described in detail using FIG. 61. FIG. 61 is an exploded
perspective view of the film unit 4020 used in the fixing
device 4009.

The heater 4022 includes a thin and long plate-shaped
substrate containing ceramic or a metal alloy as a main
material, a heat generating element that generates heat in
response to power distribution, and a coating layer that
protects the substrate and the heat generating element.
Details of the heater 4022 will be described later.

In a case where the film 4023 is a single-layer film, it is
preferable to use polytetrafluoroethylene (PTFE), tetrafluo-
roethylene-perfluoroalkyl vinyl ether (PFA), PPS, or the like
as a film base layer. In a case of a composite-layer film, it is
preferable to use a material such as polyimide (PI), poly-
amidimide (PAI), polyether ethery ketone (PEEK), or
polyether sulfone (PES) as a film base layer. Moreover, it is
preferable that the surface be coated with PTFE, PFA,
tetrafluoroethylene-perfluoroalkyl vinyl ether (FEP) as a
film release layer to configure the composite-layer film.
Also, a film obtained by using pure metal, an alloy or the like
of SUS, Al, Ni, Cu, Zn, or the like with high heat conduc-
tivity in a base layer and performing the aforementioned
coating processing or coating with a fluorine resin tube on
the release layer is also suitably used. The thickness of the
film 4023 is preferably at least 20 um and not more than 100
um in order to secure satisfactory heat conductivity.

In the present embodiment, PI with a thickness of 60 pm
is used as the film base layer, and a film release layer coated
with PFA with a thickness of 12 um is used in consideration
of both abrasion of the film release layer due to paper
feeding and heat conductivity.

The heater holder 4021 is a member that is longer in the
longitudinal direction with a substantially gutter-shaped
section. Since the heater holder 4021 is required to have heat
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resistance and rigidity, it is preferable to use a liquid crystal
polymer resin or the like with high heat resistance and
excellent strength as a material. A molded article of a
heat-resistant resin such as polyphenylene sulfide (PPS), a
liquid crystal polymer (LCP), or the like is particularly
suitably used for the heater holder 4021.

The reinforcing member 4024 is made of metal such as
iron, receives a force of a pressurizing spring, which will be
described later, and presses the heater 4022 on the side of the
pressurizing roller 4030 via the heater holder 4021. More-
over, the reinforcing member 4024 is a member for main-
taining strength such that the heater holder 4021 is not
significantly deformed even with a pressure for forming the
nip portion N.

The reinforcing member 4024 is fitted to the inside of the
gutter shape of the heater holder 4021. A heater receiving
groove is provided on the side of the heater holder 4021
facing the pressurizing roller 4030, and the heater 4022 is
fitted to the heater receiving groove and is fitted at a desired
position. The film 4023 is fitted onto the outside of the heater
holder 4021 with which the aforementioned components are
assembled with a margin at the perimeter thereof.

The pressurizing roller 4030 that serves as a pressurizing
rotating body includes a core metal of a material such as iron
or aluminum, an elastic layer of a material such as silicone
rubber, and a release layer of a material such as PFA.

A thermistor 4025 is a temperature detection member and
abuts on the heater 4022 on the side opposite to the surface
abutting the film 4023. Power distribution to the heater 4022
is controlled in accordance with the temperature detected by
the thermistor 4025.

Flanges 4026 are provided at both ends of the reinforcing
member 4024 in the longitudinal direction and restrict
movement of the rotating film 4023 in the longitudinal
direction. A power supply terminal of the heater 4022 also
projects on the one end side of the film 4023, and a power
supply connector 4027 is fitted thereto. The power supply
connector 4027 comes into contact with an electrode portion
of the heater 4022 with an abutting pressure and forms a
power supply path. Also, at the one end at which the power
supply connector 4027 is provided and the other end side on
the opposite side, a heater clip 4028 formed of a metal plate
bent into a U shape holds an end of the heater 4022 against
the heater holder 4021 with a spring property thereof. A
stretching portion of the reinforcing member 4024 sticks out
of both ends of the film 4023 in the longitudinal direction,
the flanges 4026 are fitted and attached to both ends, and the
film unit 4020 is thereby assembled as a whole.

Next, a pressurizing mechanism of the heating device will
be described using FIG. 62. FIG. 62 is a front view of the
fixing device 4009 seen from the conveying direction of the
recording material and does not illustrate a part of the film
4023 in order to illustrate the inside of the film unit 4020.

The film unit 4020 is provided to face the pressurizing
roller 4030 and is supported by a top plate-side casing 4041
of the fixing device such that movement in the longitudinal
direction (the left-right direction in FIG. 62) is restricted and
free movement in the pressurizing direction (the up-down
direction in FIG. 62) is allowed. The pressurizing spring
4045 is attached to the top plate-side casing 4041 of the
fixing device in a compressed state. The pressing force of the
pressurizing spring 4045 is received by the stretching por-
tion of the reinforcing member 4024, the reinforcing mem-
ber 4024 is pressed on the side of the pressurizing roller
4030, and the film unit 4020 is pressed on the side of the
pressurizing roller 4030. A bearing member 4031 is pro-
vided to axially support the core metal of the pressurizing
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roller 4030 and receives the pressing force from the film unit
4020 via the pressurizing roller 4030. In order to rotatably
support the core metal of the pressurizing roller that is
heated to a relatively high temperature, a material with heat
resistance and excellent slidability is used as a material of
the bearing member 4031. The bearing member 4031 is
attached to a bottom-side casing 4043 of the fixing device.
A pressurizing roller drive gear 4033 is attached to an end
portion of the core metal of the pressurizing roller 4030 on
one side, is caused to receive a rotation drive force by drive
means, which is not illustrated, and causes the pressurizing
roller 4030 to rotate.

(3) Heater

Before the heater in the present embodiment is described,
a heater 4052 that is a configuration in the related art will be
described as a comparative example first using FIGS. 63 and
64. FIG. 63 is a sectional view of the heater 4052 according
to the comparative example that is a configuration in the
related art, and FIG. 64 is a perspective view.

The general heater 4052 with the configuration in the
related art includes a thin and long plate-shaped substrate
4521, a strip-shaped heat generating element 4522 that
generates heat in response to power distribution, and a
coating layer 4523 that serves as a protective layer for
protecting the substrate 4521 and the heat generating ele-
ment 4522. The heater 4052 further includes a power supply
electrode 4524 and a conduction pattern 4545 provided for
the purpose of supplying power to the heat generating
element 4522, and the conduction pattern 4545 is also
covered with the coating layer 4523. The heater 4052 is
provided in the fixing device such that the coating layer 4523
abuts an inner circumferential surface of a film 4023.

It is necessary to select a material with heat resistance for
the substrate 4521 in terms of the temperature in actual use,
and ceramic or metal is mainly used. In a case where metal
is used as a material of the substrate 4521, it is necessary to
provide an insulating layer between the substrate 4521 and
the heat generating element 4522. It is only necessary to
determine the thickness of the substrate 4521 in consider-
ation of strength, heat capacity, and a heat dissipation
performance. Although a thin thickness of the substrate 4521
is advantageous for quick starting due to a small heat
capacity, a problem such as distortion or the like is likely to
occur when the heat generating element 4522 is heated and
molded if the thickness is excessively thin. On the contrary,
although a thick thickness of the substrate 4521 is advan-
tageous in terms of distortion when the heat generating
element 4522 is heated and molded, an excessively thick
thickness is disadvantageous for quick starting due to a large
heat capacity. A preferable thickness of the substrate 4521 is
0.3 mm to 2.0 mm in consideration of a balance of mass
production, cost, and performance.

The heat generating element 4522 is obtained by applying
a heat generating element paste obtained by mixing a
conductive component (A), a glass component (B), and an
organic binding component (C) to the substrate 4521 and
then baking the resulting object. If the heat generating
element paste is baked, the organic binding component (C)
is burnt and disappears and the components (A) and (B)
components remain, and the heat generating element 4522
containing the conductive component and the glass compo-
nent is thereby formed. Here, silver-palladium (Ag-Pd),
ruthenium oxide (RuO,), or the like is used alone or in
combination as the conductive component (A), and it is
preferable to obtain a sheet resistance value of 0.1 [Q/[]] to
100 [k€/]. Also, there may be no problem if other mate-
rials are contained in addition to (A) to (C) described above
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as long as the amounts are very small and properties of the
present invention are not damaged.

The power supply electrode 4524 and the power conduc-
tion pattern 4545 contain silver (Ag), platinum (Pt), gold
(Au), a silver-platinum (Ag-Pt) alloy, a silver-palladium
(Ag-Pd) alloy, or the like as a main constituent. The power
supply electrode 4524 and the power conduction pattern
4545 are formed by applying the paste obtained by mixing
the conductive component (A), the glass component (B), and
the organic binding component (C) to the substrate 4521 and
baking the paste similarly to the heat generating element
paste. The resistances of the power supply electrode 4524
and the conduction pattern 4545 are set to be sufficiently low
with respect to the heat generating element 4522 for the
purpose of supplying power to the heat generating element
4522. Here, it is necessary to select a material that is
softened and melts at a temperature that is lower than the
melting point of the substrate 4521 and to select a material
with heat resistance in view of the temperature in actual use,
for the aforementioned heat generating element paste, the
power supply electrode paste, and the conduction pattern
paste.

Although the material of the coating layer 4523 is not
particularly limited, it is necessary to select a material with
heat resistance in view of the temperature in actual use. As
a material, glass or polyimide (PI) is preferably used in
terms of heat resistance, and selection of a specific powder
material in the case of glass may be appropriately performed
without damaging the properties of the present invention. A
heat conductive filler with an insulating property and the like
may be incorporated as needed. When an insulating layer of
glass or polyimide (PI) is formed on the substrate 4521, it is
necessary to appropriately adjust the linear expansion coef-
ficients of the substrate 4521 and the coating layer 4523 such
that cracking or peeling does not occur in the coating layer
4523 due to a difference between the linear expansion
coeflicients of the materials. Although molding methods of
the heat generating element 4522, the power supply elec-
trode 4524, the conduction pattern 4545, and the coating
layer 4523 are not particularly limited, it is possible to
smoothly mold them by using a screen printing method in an
example. Here, in a case where metal is used as a material
of the substrate 4521, it is possible to prevent warpage of the
substrate 4521 at the time of manufacturing by molding the
coating layers 4523 on both surfaces of the substrate 4521.

Next, a detailed configuration and a manufacturing
method of the heater 4052 that is a configuration in the
related art will be described. The heater 4052 is a heater used
in Comparative Examples 7, 8, and 9 in an evaluation test,
which will be described later.

As the substrate 4521, an alumina substrate with a width
of 11 mm, a length of 270 mm, and a thickness of 1 mm is
used. Also, a heat generating element paste obtained by
mixing silver-palladium (Ag-Pd) as a conductive compo-
nent, other glass components, and an organic binding com-
ponent and a power supply electrode paste and a conduction
pattern paste obtained by mixing silver (Ag) as a conductive
component, other glass components, and an organic binding
component are prepared.

The heat generating element paste, the power supply
electrode paste, and the conduction pattern paste are applied
to the substrate 4521 by screen printing, the resulting object
is dried at 180° C. and is baked at 850° C., and two heat
generating elements 4522, the power supply electrode 4524,
and the conduction pattern 4545 are thereby formed. The
two heat generating elements 4522 after the baking have a
width of 2.5 mm, a length of 230 mm, and a thickness of 15
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um, and a folded-shaped heat generation pattern is formed
by connecting the two heat generating elements 4522 with
the conduction pattern 4545 at one end portion of the heater
4052 in the longitudinal direction.

Subsequently, a glass paste is prepared, the glass paste is
applied to the substrate 4521, the heat generating elements
4522, and the conduction pattern 4545 by screen printing,
the resulting object is dried at 180° C. and is baked at 850°
C., and the smooth coating layer 4523 is thereby formed.
The coating layer 4523 after the baking has a width of 10.5
mm and a length of 260 mm, and the substrate 4521 has a
height of 60 um. The heater 4052 is completed in this
manner.

Next, a configuration of the heater 4022 according to
Example 13 will be described using FIG. 65. FIG. 65 is a
sectional view of the heater 4022 according to Example 13.
The heater according to the present embodiment is different
from that in the comparative example of the configuration in
the related art in that the amounts of heat generated by the
two heat generating elements are not the same and the region
on the downstream side of the surface abutting the inner
circumferential surface of the film in the conveying direction
projects on the side closer to the pressurizing roller than the
region on the upstream side in the conveying direction.

The heater 4022 in the present embodiment includes a
thin and long plate-shaped substrate 4221, the two heat
generating elements 4222 that generate heat in response to
power distribution, and a coating layer 4223 that serves as
a protective layer for protecting the substrate 4221 and the
heat generating elements 4222. The heater 4022 further
includes a power supply electrode and a conduction pattern
provided for the purpose of supplying power to the heat
generating elements 4222, and the conduction pattern is
covered with the coating layer 4223. The heater 4022 is
provided in the fixing device such that the coating layer 4223
abuts the inner circumferential surface of the film 4023. In
the present embodiment, the transverse direction that is
orthogonal to the longitudinal direction of the heater 4022 is
parallel with the conveying direction of the recording mate-
rial.

The substrate 4221 according to the present embodiment
is an alumina substrate with a width of 11 mm, a length of
270 mm, and a thickness of 1 mm similarly to the afore-
mentioned comparative example. Furthermore, a heat gen-
erating element paste, a power supply electrode paste, and a
conduction pattern paste that are similar to those in the
comparative example are used. Configurations and forma-
tion methods of the power supply electrode and the conduc-
tion pattern are similar to those in the comparative example,
and the description thereof will be omitted. Hereinafter,
configurations of the heat generating elements 4222 and the
coating layer 4223 that are characteristic in the present
invention will be described in detail. In the present embodi-
ment, the thickness direction of the substrate 4221 is parallel
with the pressurizing direction at the nip portion N.

A heat generating element paste is applied to the substrate
4221 by screen printing, a resulting object is then dried at
180° C. and is baked at 850° C., and two heat generating
elements 4222 are thereby formed. A first heat generating
element 4222a that is disposed on the downstream side in
the conveying direction of the recording material P out of the
two heat generating elements 4222 after the baking has a
width of 2.2 mm, a length of 230 mm, and a thickness of 15
um such that the first heat generating element 42224 has a
larger amount of heat generation than a second heat gener-
ating element 42225 located on the upstream side in the
conveying direction. On the other hand, the second heat
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generating element 422256 has a width of 3.0 mm, a length
of 230 mm, and a thickness of 15 um, and a folded-shaped
heat generation pattern is formed by connecting the two heat
generating elements 4222a and 422256 with the conduction
pattern at one end portion of the heater 4022 in the longi-
tudinal direction. In other words, the heater 4022 according
to the present embodiment has a configuration in which two
heat generating elements with different amounts of heat
generation are provided in the conveying direction on the
substrate.

Subsequently, a glass paste is applied to the substrate
4221, the heat generating elements 4222q and 42225, and
the conduction pattern by screen printing, and the resulting
object is dried at 180° C. and is baked at 850° C. Moreover,
the glass paste is applied again to the first heat generating
element 4222a by screen printing, the resulting object is
dried at 180° C. and is baked at 850° C., and the coating
layer 4223 with a projecting shape is thereby formed. In
other words, the coating layer 4223 on the first heat gener-
ating element 4222a is formed to be thicker than the coating
layer 4223 on the second heat generating element 42225.
Here, a resistance value and a resistance ratio of the heat
generation pattern are adjusted by adjusting the width of
each heat generating element 4222 in order to keep a
relationship of a setting temperature, power consumption,
and the amount of heat generation of the fixing device 4009
equivalent to those in the comparative example and in order
to uniformize variations in heat transmission due to the
projecting shape of the coating layer 4223.

Note that it is possible to select, as a glass paste to be
applied second, a glass paste with a lower softening tem-
perature than that of a glass paste to be applied first and to
set a lower baking temperature at the time of baking the
glass paste applied second than the softening temperature of
the glass paste applied first. Thus, it is possible to further
easily form the coating layer 4223 with a projecting shape.

The heater 4022 includes a first region 4223a that over-
laps the first heat generating element 4222a and a second
region 42235 that overlaps the second heat generating
element 42225 when seen in the thickness direction of the
substrate 4221, in the surface of the coating layer 4223
abutting the inner circumferential surface of the film 4023.
At this time, the first region 4223a is located to project on
the side closer to the pressurizing roller 4030 than the second
region 42235 in the thickness direction of the substrate 4221
in the fixing device 4009. Also, both the first region 4223a
and the second region 42235 extend over the entire region of
the heater 4022 in the longitudinal direction. Note that the
first region does not necessarily extent over the entire region
of the heater and it is only necessary for the first region to
have a length with which the entire region of the width of the
recording material to be conveyed is covered.

The coating layer 4223 after the baking has a width of
10.5 mm and the length of 260 mm. Also, three types are
created in Example 13 by changing the thickness of the
coating layer 4223 for an evaluation test, which will be
described later. The height Ha from the substrate 4221 to the
surface of the coating layer 4223 in the first region 4223a is
75 um, 80 um, and 85 pum in Examples 13-1, 13-2, and 13-3.
Also, the height Hb from the substrate 4221 to the surface
of the coating layer 4223 in the second region 42235 is 65
um, 60 pm, and 55 pm, respectively. The amount of pro-
jection Pt by which the surface of the coating layer 4223 in
the first region 4223a projects on the side of the pressurizing
roller 4030 with respect to the second region 42235 is set to
satisfy Pt=Ha-Hb in the thickness direction of the substrate
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4221. At this time, the amounts Pt of projection in Examples
13-1, 13-1, and 13-3 are 10 pum, 20 pm, and 30 pm,
respectively.

Example 14

Next, a configuration of a heater 4062 according to
Example 14 will be described using FIG. 66. FIG. 66 is a
sectional view of the heater 4062 according to Example 14.
Similar reference signs will be applied to configurations
similar to those in Example 13 from among the configura-
tions in Example 14, and the description thereof will be
omitted.

The heater 4062 in the present embodiment includes a
thin and long plate-shaped substrate 4621, four heat gener-
ating elements 4622 that generate heat in response to power
distribution, and a coating layer 4623 that serves as a
protective layer for protecting the substrate 4621 and the
heat generating elements 4622. The heater 4062 further
includes a power supply electrode and a conduction pattern
provided for the purpose of supplying power to the heat
generating elements 4622, and the conduction pattern is also
covered with the coating layer 4623. The heater 4062 is
provided in the fixing device such that the coating layer 4623
abuts an inner circumferential surface of a film 4023.

The substrate 4621 in the present embodiment is an
alumina substrate with a width of 11 mm, a length of 270
mm, and a thickness of 1 mm similarly to the aforemen-
tioned comparative example. Furthermore, a heat generating
element paste, a power supply electrode paste, and a con-
duction pattern paste that are similar to those in the com-
parative example are used. Configurations and formation
methods of the power supply electrode and the conduction
pattern are similar to those in the comparative example, and
the description thereof will be omitted. Hereinafter, configu-
rations of the heat generating elements 4622 and the coating
layer 4623 that are characteristic in the present invention
will be described in detail.

A heat generating element paste is applied to the substrate
4621 by screen printing, the resulting object is dried at 180°
C. and is baked at 850° C., and the four heat generating
elements 4622 are thereby formed. The first heat generating
element 4622a disposed on the most downstream side in the
conveying direction of the recording material P from among
the four heat generating elements 4222 after the baking has
a width of 0.9 mm, a length of 230 mm, and a thickness of
15 pum to have a larger amount of heat generation as
compared with the other three heat generating elements
4622b. On the other hand, the other three heat generating
elements 46225 have a thickness of 1.4 mm, a length of 230
mm, and a thickness of 15 um, and a three-time folded-
shaped heat generation pattern is formed by connecting the
four heat generating elements 4622 with the conduction
pattern at the end portion of the heater 4062 in the longitu-
dinal direction. In other words, the heater 4062 in the present
embodiment has a configuration in which the four heat
generating elements are provided in the conveying direction
on the substrate and the amount of heat generated by the heat
generating element located on the most downstream side in
the conveying direction from among the plurality of heat
generating elements is maximum.

Subsequently, a glass paste that is similar to that in the
comparative example and Example 13 is used and applied to
the substrate 4621, the heat generating elements 4622a and
46225b, and the conduction pattern by screen printing, and
the resulting object is then dried at 180° C. and is baked at
850° C. Furthermore, the glass paste is applied again to the
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first heat generating element 4622a by screen printing, the
resulting object is then dried at 180° C. and is baked at 850°
C., and the coating layer 4623 with a projecting shape is
thereby formed. In other words, the coating layer 4623 on
the first heat generating element 4622q is formed to be
thicker than the coating layer 4623 on the second heat
generating element 4622b. Here, a resistance value and a
resistance ratio of the heat generation pattern are adjusted by
adjusting the width of each heat generating element 4222 in
order to keep a relationship of a setting temperature, power
consumption, and the amount of heat generation of the fixing
device 4009 equivalent to those in the comparative example
and in order to uniformize variations in heat transmission
due to the projecting shape of the coating layer 4223.

The heater 4062 includes a first region 4623a that over-
laps the first heat generating element 4622a and a second
region 46235 that overlaps the other three heat generating
elements 46225 when seen in the thickness direction of the
substrate 4621, in the surface of the coating layer 4623
abutting the inner circumferential surface of the film 4023.
At this time, the first region 4623a is located to project on
the side closer to the pressurizing roller 4030 than the second
region 46235 in the thickness direction of the substrate 4621
in the fixing device 4009.

The coating layer 4623 after the baking has a width of
10.5 mm and a length of 260 mm. Also, three types are
created in Example 14 by changing the thickness of the
coating layer 4623 for an evaluation test, which will be
described later. The height Ha from the substrate 4621 to the
surface of the coating layer 4623 in the first region 46234 is
75 um, 80 um, and 85 um in Examples 14-1, 14-2, and 14-3.
Also, the height Hb from the substrate 4621 to the surface
of the coating layer 4623 in the second region 46235 is 65
pm, 60 pm, and 55 um. In other words, the amounts Pt of
projection in Examples 14-1, 14-2, and 14-3 are 10 um, 20
um, and 30 um, respectively.

Example 15

Next, a configuration of a heater 4072 according to
Example 15 will be described using FIG. 67. FIG. 67 is a
sectional view of the heater 4072 according to Example 15.
Similar reference signs will be applied to configurations
similar to those of Example 13 from among the configura-
tions in Example 15, and the description thereof will be
omitted.

A heater 4072 in the present embodiment includes a thin
and long plate-shaped substrate 4721 made of metal, two
heat generating elements 4722 that generate heat in response
to power distribution, a coating layer 4723 that serves as a
protective layer for protecting the heat generating elements
4722, and an insulating layer 4724 that is for maintaining
insulation between the heat generating element 4722 and the
substrate 4721. Also, the heater 4072 includes a coating
layer 4725 provided on a surface of the substrate 4721 on the
side opposite to the surface on which the heat generating
element 4722 and the insulating layer 4724 are provided, for
the purpose of preventing warpage of the substrate 4721.
The heater 4072 further includes a power supply electrode
and a conduction pattern provided for the purpose of sup-
plying power to the heat generating elements 4722, and the
conduction pattern is also covered with the coating layer
4723. The heater 4072 is provided in the fixing device such
that the coating layer 4723 abuts an inner circumferential
surface of a film 4023. Since configurations and formation
methods of the power supply electrode and the conduction
pattern are similar to those in the comparative example,
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description thereof will be omitted. Hereinafter, configura-
tions of the heat generating elements 4722 and the coating
layer 4723 that are characteristic in the present invention
will be described in detail.

The substrate 4721 in the present embodiment is a ferrite-
based stainless steel substrate (SUS430:18Cr stainless steel)
with a width of 11 mm, a length of 270 mm, and a thickness
of 0.5 mm. As a metal material used in the substrate 4721,
stainless steel, nickel, copper, aluminum, or an alloy con-
taining such metal as a main material is suitably used.
Among these, stainless steel is most preferably used in terms
of strength, heat resistance, and corrosion. The type of
stainless steel is not particularly limited, and it is only
necessary to appropriately select stainless steel in consider-
ation of necessary mechanical strength, a linear expansion
coeflicient in accordance with formation of the insulating
layer 4724 and the heat generating element 4722, easiness of
obtaining the plate material in the market, and the like. In
one example, martensite-based stainless steel and ferrite-
based stainless steel of chromium-based stainless steel (400-
based) have relatively low linear expansion coefficients from
among others and are thus suitably used because the insu-
lating layer 4724 and the heat generating elements 4722 are
easily formed with them.

The insulating layer 4724 is provided using an insulating
glass paste in order to establish insulation between the
substrate 4721 and the heat generating element 4722. For the
insulating layer 4724, an insulating glass paste is applied to
the substrate 4721 by screen printing, the resulting object is
dried at 180° C. and is baked at 850° C., and the insulating
layer 4724 is thereby formed. The insulating layer 4724 after
the baking has a width of 10.5 mm, a length of 260 mm, and
a height of 50 um. Here, in relation to the thickness of the
insulating layer 4724, a heater used in an image forming
apparatus preferably has dielectric strength of about 1.5 kV
in general. Therefore, it is only necessary to secure the film
thickness of the insulating layer 4724 in accordance with the
material in order to obtain the dielectric strength perfor-
mance of 1.5 kV between the heat generating element 4722
and the substrate 4721.

Subsequently, a heat generating element paste is applied
to the insulating layer 4724 by screen printing, the resulting
object is dried at 180° C. and is baked at 850° C., and two
heat generating elements 4722 are thereby formed. A first
heat generating element 4722a that is disposed on the
downstream side in the conveying direction of the recording
material P out of the two heat generating elements 4722 after
the baking has a width of 2.2 mm, a length of 230 mm, and
a thickness of 15 um to have a larger amount of heat
generation as compared with a second heat generating
element 47225 located on the upstream side in the convey-
ing direction. On the other hand, the second heat generating
element 47225 has a width of 3.0 mm, a length of 230 mm,
and a thickness of 15 um, and a folded-shaped heat genera-
tion pattern is formed by connecting the two heat generating
elements 4722a and 47226 with the conduction pattern at
one end portion of the heater 4072 in the longitudinal
direction. In other words, the heater 4072 in the present
embodiment has a configuration in which two heat gener-
ating elements with different amounts of heat generation are
provided in the conveying direction on the insulating layer.

Subsequently, a glass paste that is similar to that in the
comparative example and the aforementioned embodiments
are used, and the glass paste is applied to the insulating layer
4724, the heat generating elements 4722, and the conduction
pattern by screen printing. Moreover, the glass paste is also
applied to a surface of the substrate 4721 on the side
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opposite to the surface on which the insulating layer 4724 is
provided, the resulting object is dried at 180° C. and is baked
at 850° C., and coating layers are thereby formed on both
surface sides of the substrate 4721, in order to prevent
warpage of the substrate 4721 at the time of the baking.
Furthermore, the glass paste is applied again to the first heat
generating element 4722a by screen printing, the resulting
object is dried at 180° C. and is baked at 850° C., and the
coating layer 4723 with the projecting shape is thereby
formed.

The heater 4072 includes a first region 4723a that over-
laps the first heat generating element 4722a and a second
region 47235 that overlaps the second heat generating
element 47225 when seen in the thickness direction of the
substrate 4721, in the surface of the coating layer 4723
abutting the inner circumferential surface of the film 4023.
At this time, the first region 4723a is located to project on
the side closer to the pressurizing roller 4030 than the second
region 47235 in the thickness direction of the substrate 4721
in the fixing device 4009.

The coating layer 4723 that covers the heat generating
element 4722 with the film 4023 and abuts on the inner
circumferential surface of the film 4023 has a width of 10.5
mm and a length of 260 mm, and a coating layer 4725
provided on the surface of the substrate 4721 on the side
opposite to the coating layer 4723 has a width of 10.5 mm,
a length of 260 mm, and a thickness of 110 um. Also, three
types are created in Example 15 by changing the thickness
of the coating layer 4723 for an evaluation test, which will
be described later. The height Ha from the substrate 4721 to
the coating layer 4723 in the first region 4723a is 75 pm, 80
um, and 85 pum in Examples 15-1, 15-2, and 15-3. Also, the
height Hb from the substrate 4721 to the surface of the
coating layer 4723 in the second region 47235 is 65 um, 60
um, and 55 pm. In other words, the amounts Pt of projection
in Examples 15-1, 15-2, and 15-3 are 10 um, 20 um, and 30
pm.

Effects and Advantages of Examples 13, 14, and 15

In order to check the advantages of the present invention,
a fixing performance evaluation test was carried out using
fixing devices including the heaters in each of the afore-
mentioned embodiments and the comparative example.
Examples 13-1, 13-2, and 13-3 include the heater 4022 (see
FIG. 65), Examples 14-1, 14-2, and 14-3 include the heater
4062 (see FIG. 66), Examples 15-1, 15-2, and 15-3 include
the heater 4072 (see FIG. 67), and the comparative example
includes the heater 4052 (see FIG. 63). Hereinafter, results
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of the evaluation test and saving of power consumption and
an effect of stabilizing fixing performance caused by an
increase in fixing performance will be described.

Although the heaters with the same configuration are used
in Comparative Examples 7, 8, and 9 as described above, the
positional relationships between the film units 4020 and the
pressurizing rollers 4030 are changed. In Comparative
Example 7, the center of the heater 4052 is located at the
same position as that of the center of the pressurizing roller
4030 in the conveying direction of the recording material
similarly to the configuration in the related art and each
example. On the other hand, Comparative Examples 8 and
9 employ a configuration in which the film unit 4020 is offset
such that the center of the heater 4052 is located on the
upstream side with respect to the center of the pressurizing
roller 4030 in the conveying direction of the recording
material. The amount of offset is 1 mm in Comparative
Example 8 and is 2 mm in Comparative Example 9.

For the fixing performance evaluation test, a solid black
pattern obtained by printing a toner on the entire surface was
used as an evaluation image pattern. The environment was
set to a normal-temperature normal-humidity environment
at a temperature of 23° C. and a humidity of 50% RH. As a
paper feeding condition, three evaluation image patterns
were successively fed from a cold state. The test was
performed a plurality of times with the setting temperature
of the fixing device 4009 changed, and a fixing temperature
of each configuration was measured by regarding a lower
limit of the setting temperature at which image pattern
missing was not observed in each configuration as a fixing
temperature. Also, the test was performed with the width of
the nip portion changed to 10 mm, 8 mm, and 6 mm by
changing the rubber hardness of the pressurizing roller 4030
and the spring coeflicient of the pressurizing spring 4045 in
order to evaluate stability of the fixing performance as well.

The test results in each of the examples and the compara-
tive examples are shown together in Table 8. Note that a
fixing temperature when the width of the nip portion was 10
mm in Comparative Example 7 was regarded as a reference
value and differences of fixing temperatures from the refer-
ence value were shown as evaluation results in the table. In
other words, smaller numerical values (larger in the negative
direction) of the fixing temperatures shown in the table mean
that the fixing devices can achieve fixation at lower tem-
peratures with lower power consumption. Also, differences
between maximum values and minimum values of the
fixation temperatures when the width of the nip portion was
changed in the fixing devices with the same configuration
are shown in the table.

TABLE 8
Amount of ~ Width Variations
Projecting  offset of of nip Fixing in fixing
Configuration amount Pt  film unit portion  temperature temperature
Comparative Example 7 0 pm 0 mm 10 mm Reference 5°C.
value
8 mm +0° C.
6 mm +5° C.
Comparative Example 8 0 pm 1 mm 10 mm -10° C. 10° C.
8 mm -10° C.
6 mm +0° C.
Comparative Example 9 0 pm 2 mm 10 mm -15° C. 15° C.
8 mm -15° C.
6 mm +0° C.
Example 13 Example 13-1 10 pm 0 mm 10 mm +0° C. 5°C.
8 mm +0° C.
6 mm +5° C.
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TABLE 8-continued

80

Amount of
offset of
film unit

Width
of nip
portion

Projecting

Configuration amount Pt

Fixing
temperature

Variations
in fixing
temperature

-15°
-15°
-10°
-15°
-15°
-10°

+0°

+0°

+5°
-15°
-15°
-10°
-15°
-15°
-10°

+0°

+0°

+5°
-15°
-15°
-10°
-15°
-15°
-10°

mm
8 mm
6 mm
mm
8 mm
6 mm
mm
8 mm
6 mm
mm
8 mm
6 mm
mm
8 mm
6 mm
mm
8 mm
6 mm
mm
8 mm
6 mm
mm
8 mm
6 mm

Example 13-2 20 pm

Example 13-3 30

Example 14 Example 14-1 0 mm

Example 14-2 20

Example 14-3 30

Example 15 Example 15-1 0 mm

Example 15-2 20

Example 15-3 30

NDOOO0DNOONDDONONDON0NONN0

5°C.

5°C.

5°C.

5°C.

5°C.

5°C.

5°C.

5°C.

In Comparative Example 7, the fixing temperature when
the width of the nip portion=8 mm was equivalent to that
when the width of the nip portion=10 mm, which was a
reference, and the fixing temperature when the width of the
nip portion=6 mm was reference +5° C. In other words, a
variation in fixing temperature when the width of the nip
portion was within a range of 6 mm to 10 mm in Compara-
tive Example 7 was 5° C. Hereinafter, results of other
configuration with reference to this result will be described.

In Comparative Example 8, the fixing temperature when
the width of the nip portion was reference —10° C. when the
width of the nip portion was 10 mm or 8 mm, and the fixing
temperature when the width of the nip portion was 6 mm
was reference +0° C. In comparison of the results obtained
when the width of the nip portion was the same as that in
Comparative Example 7, the fixing temperature was lower
under any of the conditions in Comparative Example 8 than
in Comparative Example 7, and the effect of improving
fixing performance achieved by offsetting the film unit on
the upstream side in the conveying direction was observed.
On the other hand, a variation in fixing temperature when the
width of the nip portion was within a range of 6 mm to 10
mm in Comparative Example 8 was 10° C., which was a
result that was inferior to Comparative Example 7 in terms
of the stability of fixing performance. In other words,
stronger pressurization was performed on the downstream
side than on the upstream side of the nip portion N in the
conveying direction by offsetting the film unit on the
upstream side in the conveying direction with respect to the
pressurizing roller, and the fixing performance was thus
improved. However, since the heat generating elements and
the heater were likely to stick out to the outside from the nip
portion N in the configuration in which the film unit was
offset, stability of fixing performance against a change in
width of the nip portion deteriorated.

In Comparative Example 9, the fixing temperature when
the width of the nip portion was 10 mm and 8 mm was
reference -15° C., and the fixing temperature when the
width of the nip portion was 6 mm was reference +5° C. In
comparison of the results obtained when the width of the nip
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portion was the same, the fixing temperature when the width
of the nip portion was 10 mm and 8 mm was lower, and
further effect of improving fixability was obtained, in Com-
parative Example 9 than in Comparative Examples 7 and 8.
On the other hand, a variation in fixing temperature when the
width of the nip portion was within a range of 6 mm to 10
mm in Comparative Example 9 was 15° C., stability of
fixing performance further deteriorated as compared with
Comparative Examples 7 and 8. In other words, offsetting of
the film unit on the upstream side in the conveying direction
led to reduction of fixing temperature and an improvement
in fixing performance although stability of fixing perfor-
mance against a change in width of the nip portion was
degraded at the same time.

In Example 13-1, the fixing temperature when the width
of the nip portion was 10 mm and 8 mm was reference +0°
C., the fixing temperature when the width of the nip portion
was 6 mm was reference +5° C., and both the fixing
temperatures and a variation in fixing temperatures were
similar to those in Comparative Example 7.

In Example 13-2, the fixing temperature when the width
of the nip portion was 10 mm and 8 mm was reference —15°
C., and the fixing temperature when the width of the nip
portion was 6 mm was reference —10° C. In comparison of
the results obtained when the width of the nip portion was
the same, the fixing temperature was lower under any of the
conditions in Example 13-2 than in Comparative Example 7,
and the effect of improving fixing performance achieved by
changing the heater shape, and performing stronger pres-
surization and more strongly applying heat on the down-
stream side of the nip portion in the conveying direction was
observed. Moreover, a variation in fixing temperature when
the width of the nip portion was within a range of 6 mm to
10 mm in Example 13-2 was 5° C., which was similar to that
in Comparative Example 7. In other words, it is possible to
lower the fixing temperature as compared with the configu-
ration in the related art without compromising stability of
fixing performance in the configuration in Example 13-2.

In Example 13-3, the fixing temperature when the width
of the nip portion was 10 mm and 8 mm was reference —15°
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C., and the fixing temperature when the width of the nip
portion was 6 mm was reference —10° C., which were results
similar to those in Example 13-2. In other words, a larger
amount Pt of projection does not lead to a further decrease
in fixing temperature, and it is only necessary for the amount
Pt of projection to be equal to or greater than a specific
amount with which the fixing performance is improved. In
Example 13, it is possible to stably heat the recording
material at a lower fixing temperature with lower power
consumption as compared with the configuration in the
related art by setting the amount Pt of projection of the
heater 4022 to be equal to or greater than 20 um.

In Example 14, a result similar to that in Example 13 was
achieved in comparison with Example 13 with the configu-
ration of the same amount Pt of projection. In other words,
it is possible to lower the fixing temperature as compared
with the configuration in the related art without compromis-
ing stability of fixing performance by causing the down-
stream side of the heater in the conveying direction to
project on the side of the pressurizing roller even in a
configuration in which three or more heat generating ele-
ments are included.

In Example 15, a result similar to that in Example 13 was
achieved in comparison with Example 13 with the configu-
ration of the same amount Pt of projection. In other words,
it is possible to lower the fixing temperature as compared
with the configuration in the related art without compromis-
ing stability of fixing performance by causing the down-
stream side of the heater in the conveying direction to
project on the side of the pressurizing roller even in a
configuration in which the substrate made of metal is
provided with an insulating layer.

As described above, it is possible to lower the fixing
temperature without compromising stability of fixing per-
formance by setting a larger amount of heat generation of the
heater on the downstream side than on the upstream side in
the conveying direction and causing a contact surface of the
heater with the film to project on the side of the pressurizing
roller (the side of the second rotating body). In other words,
it is possible to stably perform heating with low power
consumption by employing a configuration in which heating
is more intensively performed and pressurization is more
strongly performed on the downstream side than on the
upstream side of the nip portion in the conveying direction,
without offsetting the film unit with respect to the pressur-
izing roller. However, it is possible to suitably apply the
present invention to the configuration in which the film unit
is offset with respect to the pressurizing roller even if the
amount of offset is set to a level in which the width of the
nip portion is stably formed.

Note that although the first region and the second region
are formed into planar shapes in each of the aforementioned
embodiments, and the contact surface of the heater with the
inner circumferential surface of the film is formed into the
form of a level difference, the configuration of the present
invention is not limited thereto. As a modification example,
a configuration in which a third region that is lower than the
first region and is higher than the second region is included
between the first region and the second region, a configu-
ration in which the first region is formed into a curved
surface rather than the planar shape, or the like is conceiv-
able. In addition, a configuration in which the coating layer
is not in the form of a level difference and is gradually
inclined toward the side of the pressurizing roller on the
downstream side in the conveying direction or the like is
conceivable as a modification example.
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Also, although the amount of heat generated by each heat
generating element is made to be different by changing the
width of the heat generating element in each of the afore-
mentioned embodiments, the method of giving a difference
in amounts of heat generated by the heat generating ele-
ments is not limited thereto, and a configuration in which
power distribution to the heat generating elements is indi-
vidually controlled may also be employed.

Also, although both the lowering of the fixing temperature
and the stabilization of the fixing performance can be
achieved by setting the amount Pt of projection to be equal
to or greater than 20 pm in Examples 13, 14, and 15, the
above numerical value can vary depending on the configu-
ration, the material, or the like of each member. Since it is
not possible to obtain the effect of lowering the fixing
temperature if the amount Pt of projection is excessively
small, and there is a concern of a bending tendency occur-
ring in the recording material if the amount Pt of projection
is excessively large, it is important to appropriately select a
value under each condition.

Example 16

Next, a configuration of a heater 4082 according to
Example 16 will be described using FIG. 68. FIG. 68 is a
sectional view of the heater 4082 according to Example 16.
Similar reference signs will be applied to configurations that
are similar to those in Example 13 from among the con-
figurations in Example 16, and description thereof will be
omitted.

The heater 4082 in the present embodiment includes a
thin and long plate-shaped substrate 4821 made of metal,
two heat generating elements 4822 that generate heat in
response to power distribution thereto, a coating layer 4823
that serves as a protective layer for protecting the heat
generating elements 4822, and an insulating layer 4824 that
is for keeping insulation between the heat generating ele-
ments 4822 and the substrate 4821. Also, the heater 4082
includes a coating layer 4825 provided on a surface of the
substrate 4821 on the side opposite to the surface on which
the heat generating elements 4822 and the insulating layer
4824 are provided, for the purpose of preventing warpage of
the substrate 4821. Note that in the present embodiment, the
surface of the substrate 4821 on which the heat generating
elements 4822 and the insulating layer 4824 are provided is
a surface facing the heater holder 4021 rather than the inner
circumferential surface of the film 4023, which corresponds
to the side opposite to that in each of the aforementioned
embodiments. The substrate 4821 in the present embodi-
ment is a ferrite-based stainless steel substrate (SUS430:
18Cr stainless steel) with the width of 11 mm, the length of
270 mm, and the thickness of 0.5 mm similarly to Example
15.

The heater 4082 further include a power supply electrode
and a conduction pattern provided for the purpose of sup-
plying power to the heat generating element 4822, and the
conduction pattern is also covered with the coating layer
4823. The heater 4082 is provided inside the fixing device
such that the coating layer 4823 abuts the inner circumfer-
ential surface of the film 4023. Since configurations and
formation methods of the power supply electrode and the
conduction pattern are similar to those in the comparative
example, description thereof will be omitted. Hereinafter,
configurations of the heat generating element 4822 and the
coating layer 4823 that are characteristic in the present
invention will be described in detail.
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The insulating layer 4824 is provided using an insulating
glass paste in order to establish insulation between the
substrate 4821 and the heat generating element 4822. For the
insulating layer 4824, an insulating glass paste is applied to
the substrate 4821 by screen printing, the resulting object is
dried at 180° C. and is baked at 850° C., and the insulating
layer 4824 is thereby formed. The insulating layer 4824 after
the baking has a width of 10.5 mm, a length of 260 mm, and
a height of 50 um. As described above, the insulating layer
4824 is provided on the surface of the substrate 4821 on the
side opposite to the face facing the film 4023 in the heater
4082 in the present embodiment.

Subsequently, a heat generating element paste is applied
to the insulating layer 4824 by screen printing, the resulting
object is dried at 180° C. and is baked at 850° C., and the two
heat generating elements 4822 are thereby formed. A first
heat generating element 4822a disposed on the downstream
side of the recording material P in the conveying direction
out of the two heat generating elements 4822 after the
baking has a width of 2.2 mm, a length of 230 mm, and a
thickness of 15 um to have a larger amount of heat genera-
tion as compared with a second heat generating element
48225 located on the upstream side in the conveying direc-
tion. On the other hand, the second heat generating element
4822b has a width of 3.0 mm, a length of 230 mm, and a
thickness of 15 um, and a folded-shaped heat generation
pattern is formed by connecting the two heat generating
elements 4822a and 48226 with the conduction pattern at
one end portion of the heater 4082 in the longitudinal
direction. In other words, the heater 4082 in the present
embodiment has a configuration in which the two heat
generating elements with different amounts of heat genera-
tion are provided in the conveying direction on the insulat-
ing layer and each of the heat generating elements is
provided on the surface of the substrate on the side opposite
to the surface facing the film.

Subsequently, a glass paste is applied to the insulating
layer 4824, the heat generating elements 4822, and the
conduction pattern by screen printing using a glass paste that
is similar to those in the comparative example and the
aforementioned examples. Furthermore, a glass paste is also
applied to the side of the substrate 4821 opposite to the
surface on which the insulating layer 4824 is provided by
screen printing, the resulting object is dried at 180° C. and
is baked at 850° C., and the coating layers are thereby
formed on both surface sides of the substrate 4821, in order
to prevent warpage of the substrate 4821 after the baking.
Moreover, the glass paste is applied again to the first heat
generating element 4822a by screen printing, the resulting
object is dried at 180° C. and is baked at 850° C., and the
coating layer 4823 having a projecting shape is thereby
formed.

The heater 4082 includes a first region 4823a that over-
laps the first heat generating element 4822a and a second
region 48235 that overlaps the second heat generating
element 48225 when seen in the thickness direction of the
substrate 4821, in the surface of the coating layer 4823
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abutting the inner circumferential surface of the film 4023.
At this time, the first region 4823« is located to project on
the side closer to the pressurizing roller 4030 than the second
region 48235 in the thickness direction of the substrate 4821
in the fixing device 4009.

The coating layer 4823 abutting the film 4023 has a width
of 10.5 mm and a length of 260 mm, and the coating layer
4825 covering the heat generating element 4822 has a width
of 10.5 mm, a length of 260 mm, and a thickness of 60 pm.
Also, three types are created in Example 16 by changing the
thickness of the coating layer 4823 for an evaluation test,
which will be described later. The height Ha from the
substrate 4821 to the surface of the coating layer 4823 in the
first region 48234 is 75 um, 80 um, and 85 pm in Examples
16-1, 16-2, and 16-3. The height Hb from the substrate 4821
to the surface of the coating layer 4823 in the second region
4823b is 65 um, 60 um, and 55 um. In other words, the
amounts Pt of projection in Examples 16-1, 16-2, and 16-3
are 10 um, 20 um, and 30 um, respectively.

Effects and Advantages of Example 16

In order to check the advantages of the present invention,
a fixing performance evaluation test was carried out using a
fixing device including the heater in the present embodi-
ment. Examples 16-1, 16-2, and 16-3 includes the heater
4082 (see F1G. 68). Hereinafter, results of the evaluation test
and saving of power consumption and an effect of stabilizing
fixing performance achieved by an improvement in fixing
performance will be described.

The fixing performance evaluation test was carried out
under conditions similar to those described above. In other
words, a solid black pattern obtained by printing a toner on
the entire surface was used as an evaluation image pattern,
and the environment was set to a normal-temperature nor-
mal-humidity environment at a temperature of 23° C. and a
humidity of 50% RH. As a paper feeding condition, three
evaluation image patterns were successively fed from a cold
state. The test was performed a plurality of times with the
setting temperature of the fixing device 4009 changed, and
a fixing temperature of each configuration was measured by
regarding a lower limit of the setting temperature at which
image pattern missing was not observed in each configura-
tion as a fixing temperature. Also, the test was performed
with the width of the nip portion changed to 10 mm, 8 mm,
and 6 mm by changing the rubber hardness of the pressur-
izing roller 4030 and the spring coefficient of the pressur-
izing spring 4045 in order to evaluate stability of the fixing
performance as well.

Test results of each example and the aforementioned
comparative example for comparison are shown in Table 9
together. Note that the fixing temperature when the width of
the nip portion=10 mm in Comparative Example 7 is
regarded as a reference value, and differences of the fixing
temperatures from the reference value are shown as evalu-
ation results. Also, differences between maximum values
and minimum values of the fixing temperatures when the
width of the nip portion was changed by fixing devices with
the same configuration are shown as variations in fixing
temperature.

TABLE 9
Amount of ~ Width Variations in
Projecting  offset of of nip Fixing fixing
Configuration amount Pt  film unit portion  temperature temperature
Comparative Example 7 0 pm 0 mm 10 mm Reference 5°C.
value
8 mm +0° C.
6 mm +5° C.
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TABLE 9-continued
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Amount of ~ Width Variations in
Projecting  offset of of nip Fixing fixing
Configuration amount Pt film unit  portion  temperature temperature
Comparative Example 8 0 pm 1 mm 10 mm -10° C. 10° C.
8 mm -10° C.
6 mm +0° C.
Comparative Example 9 0 pm 2 mm 10 mm -15° C. 15° C.
8 mm -15° C.
6 mm +0° C.
Example 16 Example 16-1 10 pm 0 mm 10 mm +5° C. 3° C.
8 mm +5° C.
6 mm +8° C.
Example 16-2 20 um 10 mm -10° C. 3° C.
8 mm -10° C.
6 mm -7° C.
Example 16-3 30 um 10 mm -10° C. 3° C.
8 mm -10° C.
6 mm -7° C.

In Example 16-1, the fixing temperature when the width 20 the inner circumferential surface of the film in Example 16-2

of the nip portion was 10 mm and 8 mm was reference +5°
C., the fixing temperature when the width of the nip portion
was 6 mm was reference +8° C., and the fixing temperatures
increased as compared with Comparative Example 7 at any
of the widths of the nip portions. This was considered to be
because a sufficient effect of lowering the fixing temperature
was not able to be obtained due to the small amount Pt of
projection and the heat of the heat generating elements was
less likely to be transmitted quickly to the film because the
heat generating elements became further from the film inner
circumferential surface. On the other hand, a variation in
fixing temperature within the range of the width of the nip
portion from 6 mm to 10 mm in Example 16-1 was 3° C.,
which was smaller than those in Comparative Example 7
and aforementioned Examples 13-1, 14-1, and 15-1.

In Example 16-2, the fixing temperature when the width
of the nip portion was 10 mm and 8 mm was reference —10°
C., and the fixing temperature when the width of the nip
portion was 6 mm was reference —-7° C. In comparison of the
results obtained when the width of the nip portion was the
same as that in Comparative Example 7, the fixing tempera-
tures were low under any of the conditions in Example 16-2,
and an effect of improving fixing performance achieved by
changing the shape of the heater, performing stronger pres-
surization on the downstream side of the nip portion in the
conveying direction, and more strongly applying heat was
observed. Moreover, a variation in fixing temperature when
the width of the nip portion was within a range of 6 mm to
10 mm in Example 16-2 was 3° C., which was smaller than
that in Comparative Example 7. In other words, it is possible
to improve stability of fixing performance and to lower the
fixing temperature in the configuration in Example 16-2 as
compared with the configuration in the related art.

On the other hand, the fixing temperatures was high in any
of the conditions in Example 16-2 when the results of the
same widths of the nip portion were compared between
Example 16-2 and Examples 13-2, 14-2, and 15-2. However,
a variation in fixing temperature when the width of the nip
portion was within a range of 6 mm to 10 mm in Example
16-2 was 3° C., which was smaller than those in Examples
13-2, 14-2, and 15-2. These were differences caused by
extension of time required for the heat of the heat generating
elements to be transmitted to the inner circumferential
surface of the film in the configuration in which the heat
generating elements were made to be located further from
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as compared with Examples 13-2, 14-2, and 15-2.

In Example 16-3, the fixing temperature when the width
of the nip portion was 10 mm and 8 mm was reference —10°
C., and the fixing temperature when the width of the nip
portion was 6 mm was reference —7° C., which were results
similar to those in Example 16-2.

As described above, it is possible to lower the fixing
temperature without compromising stability of fixing per-
formance against a change in nip portion according to the
present invention even in the configuration in which the heat
generating elements and the insulating layer are provided on
the surface of the substrate on the side opposite to the
surface facing the inner circumferential surface of the film.
Also, which of the surfaces of the substrate the heat gener-
ating elements are to be provided may be appropriately
selected in accordance with which of the effect of lowering
the fixing temperature and the effect of improving stability
of fixing performance priority is to be placed on.

Hereinafter, configuration or concept examples disclosed
in the aforementioned embodiment will be described below.
However, these are just an example, and the disclosure of the
aforementioned embodiment is not limited to the configu-
rations or concepts described below.

Configuration D1

A heater includes:

a plurality of heat generating clements;

a coating layer; and

a thin and long substrate that includes the heat generating

element and the coating layer provided thereon,

in which a first heat generating element extending in a

longitudinal direction of the substrate from among the
plurality of heat generating elements is provided at a
position different from that of a second heat generating
element in a transverse direction that is orthogonal to
the longitudinal direction of the substrate,

the amount of heat generated by the first heat generating

element is larger than the amount of heat generated by
the second heat generating element,

in a case in which the coating layer is seen in a thickness

direction of the substrate that is orthogonal to the
longitudinal direction and the transverse direction from
a surface on a side opposite to a surface that abuts the
substrate, the coating layer includes a first region that
overlaps the first heat generating element and a second
region that overlaps the second heat generating ele-
ment, and
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the height from the substrate to the first region is larger
than the height from the substrate to the second region.
Configuration D2
In the heater according to Configuration D1,
the plurality of heat generating elements are provided on
the same surface as the surface of the substrate on
which the coating layer is provided, and
the coating layer covers the plurality of heat generating
elements.
Configuration D3
In the heater according to Configuration D1, the plurality
of heat generating elements are provided on the surface on
the side opposite to the surface of the substrate on which the
coating layer is provided.
Configuration D4
In the heater according to any one of Configurations D1
to D3,
the substrate is made of metal, and
the heater further includes an insulating layer provided
between the substrate and the plurality of heat gener-
ating elements.
Configuration D5
A heating device that nips and conveys a recording
material with a nip portion while heating the recording
material includes:
a first rotating body;
the heater according to any one of Configurations D1 to
D4 that is provided in an internal space of the first
rotating body; and
a second rotating body that forms the nip portion with the
heater via the first rotating body.
Configuration D6
In the heating device according to claim DS, the first heat
generating element is provided on an upstream side of the
second heat generating element in a conveying direction of
a recording material.
Configuration D7
In the heating device according to Configuration D6, the
first region and the second region extend to cover the entire
width region of the recording material in the longitudinal
direction.
Configuration D8
In the heating device according to Configuration D6 or
D7, the first region and the second region are planes that are
parallel to a surface of the recording material.
Configuration D9
In the heating device according to any one of Configu-
rations D6 to D8, the first region is located on the side closer
to the second rotating body than the second region by not
less than 20 um in the thickness direction.
Configuration D10
In the heating device according to any one of Configu-
rations D6 to D9, the width of the first heat generating
element in the conveying direction is smaller than the width
of the second heat generating element in the conveying
direction.
Configuration D11
In the heating device according to any one of Configu-
rations D6 to D10, the thickness of the coating layer in the
first region is thicker than the thickness of the coating layer
in the second region.
Configuration D12
In the heating device according to any one of Configu-
rations D6 to D11,
the heater includes three or more heat generating ele-
ments, and

10

15

20

25

30

35

40

45

50

55

60

65

88

the first heat generating element is located on the most
downstream side in the conveying direction and has the
maximum amount of heat generation from among the
heat generating element.
Configuration D13

In the heating device according to any one of Configu-
rations D5 to D12,

the first rotating body is a tubular film, and

the second rotating body is a roller.

Configuration D14

An image forming apparatus includes:

an image forming portion that forms an image on a

recording material; and

the heating device according to any one of Configurations

D5 to D13 that fixes, on the recording material, the
image formed on the recording material.

Also, there is a configuration in which heat transmission
efficiency and rigidity are balanced by thinning the metal
substrate of the heater and bending the sectional shape of the
substrate in a heating device configured of a heater, a film,
a pressurizing roller, and the like. Since the metal substrate
causes thermal expansion when heated in this configuration,
a change in dimension is large in the longitudinal direction,
in particular. It is difficult to appropriately position both end
portions of the heat generating portions of the heater with
respect to a heated material such as a recording material in
a configuration in which the heater is positioned at one end
portion in the longitudinal direction. If the heat generating
portions in the heater are positioned with deviation with
respect to the heated material due to a change in dimension
of the substrate in the longitudinal direction of the heater, a
temperature difference may occur at both end portions of the
recording material, for example, a temperature significantly
rises at one end of the recording material while the tem-
perature does not sufficiently rise at the other end portion.
Uniform heating of the recording medium leads to an image
failure or degradation of a curling property. Thus, a heating
device capable of uniformly heating both end portions of the
recording material in the width direction will now be
described.

Example 17

Example 17 of the present invention will be described
using drawings. Explanation will be given in the order of an
overall configuration of an image forming apparatus that is
a color laser beam printer, a configuration of a fixing device,
and configurations of a heater and peripheral components.

Overall Configuration of Image Forming Apparatus

An overview of an overall configuration of an image
forming apparatus will be described using FIG. 69. A
recording material 5002 loaded and accommodated in a
supply tray 5001 is supplied to a supply roller 5003 rotating
in a clockwise direction in the drawing, is sent to a convey-
ance roller 5004, and is sent to a transfer nip formed by an
intra-belt drive roller 5005 and a secondary transfer roller
5006.

Photosensitive drums 5007Y, 5007M, 5007C, and 5007K
as image carriers configuring an image forming portion
rotates in the counterclockwise direction in the drawing. In
each image forming portion, an electrostatic latent image is
formed in order by laser light from a laser scanner 5008 on
an outer circumferential surface of each photosensitive
drum, the electrostatic latent image is then developed by
developing rollers 5009Y, 5009M, 5009C, and 5009K, and
toner images are formed. The toner images formed on the
photosensitive drums 5007Y, 5007M, 5007C, and 5007K are
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transferred to an intermediate transfer belt 5011 through
pressing and voltage application by primary transfer units
5010Y, 5010M, 5010C, and 5010K. The intermediate trans-
fer belt 5011 is a cylindrical and endless belt-shaped film
stretched over the intra-belt drive roller 5005, a tension
roller 5012, and the like. The intermediate transfer belt 5011
moves at substantially the same speed as a moving speed of
the surface of the photosensitive drum 5007 by the intra-belt
drive roller 5005 being driven to rotate in the clockwise
direction in the drawing.

In a case where a color image is formed, color toner
images of yellow, magenta, cyan, and black are developed
on the photosensitive drums 5007Y, 5007M, 5007C, and
5007K, respectively. The toner images formed on the pho-
tosensitive drums 5007Y, 5007M, 5007C, and 5007K are
transferred in order to the intermediate transfer belt 5011 by
a primary transfer unit 5010Y, 5010M, 5010C, and 5010K,
respectively. Then, the toner images formed on the interme-
diate transfer belt 5011 is collectively transferred to the
recording material 5002 sent to the transfer nip portion of the
intra-belt drive roller 5005 and the secondary transfer roller
5006.

Moreover, the recording material 5002 with the toner
image transferred thereto is sent to a fixing device that serves
as a fixing portion. The recording material is sent to a fixing
nip portion F of a heating unit 5013 and a pressurizing roller
5014 in the fixing device and is then heated and pressurized,
and the toner image is fixed on the recording material 5002.
The recording material 5002 with the toner image fixed
thereto is nipped and conveyed by a discharge roller 5015
and a discharge feeder 5016 and is then discharged to a
discharge placement platform outside the main body of the
image forming apparatus.

Configuration of Fixing Device

Next, a configuration and operations of the fixing device
will be described. In this example, a tensionless-type film
heating-system fixing device is used as an example of the
heating device. The fixing device in this example is a device
in which an endless belt-shaped (or cylindrical) heat-resis-
tant film is used, at least a part of the perimeter of the film
is always kept free from tension (a state in which no tension
is applied thereto), and the film is driven to rotate by a
rotation drive force of a pressurizing member. FIG. 70 is an
overview sectional view extracting the fixing device that is
a main part in this example.

The heating unit 5013 includes a cylindrical film 5017, a
heater 5018 that inscribes and heats the film 5017, a heater
holder 5019 with excellent heat resistance, and a stay 5020
with excellent rigidity. The film 5017 is, for example, a thin
cylindrical plastic film or the like with high heat resistance
and high heat conductivity. The heater 5018 is a heat
generating element that generates heat in response to power
distribution from a power source, which is not illustrated,
and is obtained by applying insulating coating to a substrate
made of a metal base material and applying a conductive
body thereto. The heater 5018 is supported in a state in
which it is fitted and fixed to a groove portion of the heater
holder 5019. The film 5017 is attached to cover the outer
circumferences of the heater 5018, the heater holder 5019,
and the stay 5020 and can perform rotational movement.

The heating unit 5013 is configured such that the film
5017 that is a first rotating body comes into contact with the
pressurizing roller 5014 that is a second rotating body by
receiving a force of a pressurizing spring. The pressurizing
roller 5014 is configured of a core metal 5014a¢ and a
heat-resistant elastic material layer 50145 that is molded in
a roller shape on the outer circumference of the core metal
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5014a. Since the pressurizing roller 5014 has an elastic
surface, the heating unit 5013 and the pressurizing roller
5014 form a fixing nip portion F with a predetermined width
and establishes pressure contact with a predetermined pres-
sure. Also, the pressurizing roller 5014 is driven to rotate at
a predetermined circumferential speed from a drive train,
which is not illustrated. A frictional force is generated
between the film 5017 and the pressurizing roller 5014
through rotation of the pressurizing roller 5014, and the film
5017 performs driven rotating motion with respect to the
pressurizing roller 5014.

In a state in which the pressurizing roller 5014 and the
film 5017 are in a rotating state and power distribution to and
heating of the heater 5018 are being performed, the record-
ing material 5002 carrying an unfixed toner image thereon is
introduced into and nipped and conveyed by the fixing nip
portion F between the film 5017 and the pressurizing roller
5014. In the process of nipping and conveying the recording
material, heat of the heater 5018 is applied to the recording
material 5002 via the film 5017, and the unfixed toner image
is melted and fixed on the recording material 5002 through
heating and pressurization.

Configurations of Heater and Peripheral Components

Details of configurations of the heater 5018 and peripheral
components thereof will be described using FIGS. 71, 72,
and 73. FIG. 71 is an exploded view of the heater 5018 and
peripheral components thereof that are main parts in this
example, FIG. 72 is an exploded view extracting only the
heater 5018 and the heater holder 5019, and FIG. 73 is a
completion diagram illustrating a state in which the heater
5018 and the heater holder 5019 are engaged with each
other. The heater 5018 is a member that is longer in the
rotation axis direction of the pressurizing roller 5014, and
the position of the heater 5018 in the transverse direction
that is orthogonal to the longitudinal direction with respect
to the heater holder 5019 is determined by the heater 5018
being held in the groove portion of the heater holder 5019.
Also, both end portions of the heater 5018 in the longitudinal
direction are held by a clipping member 5021 and a power
supply portion 5022 such that the heater 5018 does not
escape from the heater holder 5019. The clipping member
5021 and the power supply portion 5022 are members that
hold the heater 5018 such that the heater 5018 does not
escape from the heater holder 5019 in the thickness direction
that is orthogonal to the longitudinal direction and the
transverse direction of the heater 5018 and is not a member
that strongly curbs motion of the heater 5018 in the longi-
tudinal direction with respect to the heater holder 5019. The
power supply portion 5022 supplies power input from a
power source, which is not illustrated, to a power supply
portion provided at an end portion of the heater 5018 in the
longitudinal direction.

A safety element 5023 for preventing breakage when the
temperature of the heater 5018 is excessively raised is held
in a safety element holder 5024 and is pressed against the
heater 5018 via a spacer 5026 with a safety element spring
5025. A temperature detection member 5027 that detects a
temperature of the heater 5018 is biased to the heater 5018
by the temperature detection spring 5028. The heater holder
5019 is held by the stay 5020, and the position thereof in the
longitudinal direction with respect to the image forming
apparatus main body is fixed by the position in the longi-
tudinal direction with respect to side plates provided to
pinch both ends of the heater holder 5019 in the longitudinal
direction being fixed by end portion holding members 5030
and 5031.
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The heater 5018 in this example includes two heat gen-
erating elements 5181 provided to extend in the longitudinal
direction of the heater 5018 as heat generating portions on
the substrate 5182 made of metal and a heater projecting
portion 5018¢ at the center of the heat generating elements
5181 in the longitudinal direction. The heater projecting
portion 5018¢ is provided at both end portions of the
substrate 5182 in the transverse direction and projects on the
side of the heater holder 5019 perpendicularly to the surface
of the substrate 5182. Also, the heater projecting portion
5018¢ in this example is configured to be disposed at a
position where the center in the width direction that is
orthogonal to the conveying direction of the recording
material conveyed by the nip portion passes. The heater
projecting portion 5018¢ may be molded by providing a part
that serves as a heater projecting portion to a flat substrate
in advance and folding the part or may be molded by another
method of joining a member to the substrate. As a material
used in the substrate, stainless steel, nickel, copper, alumi-
num, or an alloy containing such a material as a main
material is suitably used.

The heater holder 5019 is a support member that is
provided in an internal space of the film 5017 and supports
the heater 5018. The heater holder 5019 has the film 5017
loosely inserted thereonto and also has a guide function of
guiding rotation of the film 5017 while keeping slide contact
with the inner circumferential surface of the film 5017. For
the heater holder 5019, it is possible to suitably use a
high-heat-resistant resin such as polyimide, polyamidimide,
PEEK, PPS, or a liquid crystal polymer, or a composite
material of such a resin and ceramic, metal, glass, or the like.
Moreover, the heater holder 5019 in this example includes a
heater holder hole portion 5019¢ that is engaged with the
heater projecting portion 5018¢ of the heater 5018.

The heater holder hole portion 5019¢ abuts the heater
projecting portion 5018¢ in both directions of the longitu-
dinal direction such that relative movement of the heater
projecting portion 5018¢ in the longitudinal direction with
respect to the heater holder hole portion 5019¢ is restricted.
In other words, the longitudinal direction of the heater 5018
is positioned with respect to the heater holder 5019 by the
heater projecting portion 5018¢ as a positioning portion
abutting and being fitted to the heater holder hole portion
5019¢ as a positioned portion. At this time, one end 50184
and the other end 50185 on the side opposite to the one end
5018a of the heater 5018 in the longitudinal direction are
provided to have clearances with respect to one end 50194
and the other end 50195 on the side opposite to the one end
50194a of a groove portion of the heater holder 5019 in the
longitudinal direction. The amount of clearances is set to the
amount with which the one end 50184 and the other end
50186 of the heater 5018 do not come into contact with the
heater holder 5019 when the heater 5018 causes thermal
expansion.

Effects and Advantages of the Invention

Effects and advantages of the present invention will be
described using FIGS. 74A and 74B. FIG. 74A is a sche-
matic view illustrating a state in which the heater in this
example causes thermal expansion, and FIG. 74B is a
schematic view illustrating a state in which a heater in a
comparative example that is a configuration in the related art
causes thermal expansion. In each of the drawings, a case
where a recording material 5002 with a length L in the width
direction is fed is assumed, and the shape of the heater held
by the heater holder 5019 after deformation is illustrated by
the dotted line.
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The position of the heater 5018 in this example in the
longitudinal direction with respect to the heater holder 5019
is determined by the heater projecting portion 5018¢. In
other words, when the heater 5018 causes thermal expansion
as illustrated in FIG. 74 A, the heat generating elements 5181
with the length [ expand uniformly on left and right sides in
the longitudinal direction with reference to the heater pro-
jecting portion 5018¢. Since the heater projecting portion
5018¢ is located at the center in the width direction that is
orthogonal to the conveying direction of the recording
material 5002, the heat generating elements 5181 expand
uniformly on left and right sides with reference to the center
of the recording material 5002 in the width direction. In
other words, when the amount of deformation of the heat
generating elements 5181 at one end 5181« in the longitu-
dinal direction is defined as yl1, and the amount of defor-
mation thereof at the other end 51815 on the side opposite
to the one end 51814 is defined as y2, y1=y2 in this example,
the amounts of deformation on the left and right sides
become equivalent, and both end portions of the recording
material 5002 in the width direction are thus uniformly
heated.

Next, a behavior of a heater 5068 in the comparative
example of a configuration in the related art including two
heat generating elements 5681 with the length L. and posi-
tioned at one end 5068a of the heater 5068 in the longitu-
dinal direction with respect to the heater holder 5019 at the
time of thermal expansion will be described using FI1G. 74B.
In the comparative example of the configuration in the
related art that does not include the heater projecting portion,
deformation is caused with reference to the one end 50684
of the positioned heater if the heater 5068 causes thermal
expansion, and the one end 5068a and the other end 50685
on the opposite side are thus most significantly deformed.
Since the amounts of deformation due to the thermal expan-
sion are proportional to the distances from the reference
position, z1<z2 in the comparative example when the
amount of deformation of the heat generating elements 5681
at the one end 5681¢ in the longitudinal direction is defined
as z1 and the amount of deformation at the other end 56815
on the side opposite to the one end 5681a is defined as z2.
At this time, the one end 5681a of the heat generating
element 5681 is deformed toward the outside of the record-
ing material 5002 while the other end 56815 is deformed
toward the inside of the recording material 5002. In other
words, since the one end 568la of the heat generating
element 5681 is located outside the recording material 5002
as compared with the end portion of the recording material
5002 in the width direction, and the other end 56815 is
located inside the recording material 5002 as compared with
the end portion of the recording material 5002 in the width
direction, both end portions of the recording material 5002
in the width direction are not uniformly heated.

In the configuration in the related art, the one end side and
the other end side of the heat generating elements in the
longitudinal direction behave differently, namely they are
directed either toward outside of the recording material or
toward the inside of the recording material when the heater
causes thermal expansion, how the heat is applied is likely
to change at both end portions of the recording material in
the width direction as described above. If the end portion of
the heat generating elements is placed inside the recording
material, in particular, there is a high probability that the end
portion of the recording material is not sufficiently heated.
However, extension of the heat generating elements to
excessively long lengths in the longitudinal direction is not
preferable in terms of power saving and the like. On the
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other hand, since both end portions of the heat generating
elements in the longitudinal direction cause thermal expan-
sion toward the outside of the recording material in the
present invention, heat is uniformly provided to both end
portions of the recording material in the width direction. In
other words, both end portions of the recording material in
the width direction are more likely to be uniformly heated in
the present invention than in the configuration in the related
art from the viewpoint of not only a difference in the
amounts of deformation but also behaviors at the time of the
deformation.

As described above, it is possible to uniformly heat both
end portions of the recording material in the width direction
by providing the positioning portion and the positioned
portion for determining the position of the heater in the
longitudinal direction with respect to the heater holder being
located at the center of the heat generating portions config-
ured of heat generating elements or the like and by fitting the
heater to the heater holder.

Note that although the configuration in which the heater
projecting portion 5018¢ is located at the center in the
longitudinal direction with respect to the heat generating
elements 5181 and the recording material 5002 is used in the
aforementioned embodiment, the heater projecting portion
5018c¢ is not necessarily located at the center in a strict sense
when the present invention is applied. This is because
behaviors at both ends of the heat generating portions with
respect to the recording material become similar on the left
and right sides by the positioning portion being located on
the side further inward than the heat generating portions in
the longitudinal direction of the heat generating portions. In
other words, even if the positioning portion such as the
heater projecting portion slightly deviates from the center of
the heat generating portions of the heater, it is possible to
further uniformize both end portions of the recording mate-
rial in the width direction as compared with the configura-
tion in the related art as long as the positioning portion is
located near the center of the heat generating portions. Thus,
how large the amount of deviation of the positioning portion
with respect to the center of the heat generating portions can
be to obtain a heat property that is better than that of a
configuration in the related art including a ceramic substrate
by applying the present invention to a configuration includ-
ing a metal substrate will be considered next.

FIG. 75A is a plan view illustrating the heater 5018 in a
case where the heater projecting portion 5018¢ is provided
at a position deviating from the center of the heat generating
elements 5181 by the amount x of deviation in the longitu-
dinal direction. FIG. 75B is a schematic view illustrating a
state when the heater 5018 causes thermal expansion, a case
in which the recording material 5002 with the length L. in the
width direction is fed is assumed, and the shape of the heater
5018 held by the heater holder 5019 after deformation is
illustrated by the dotted line.

First, how large a difference between the amounts of
deformation at the one end 51814 and the other end 51815
of the heat generating elements 5181 in the longitudinal
direction is when the heater 5018 causes thermal expansion
will be considered for a configuration in which the heater
projecting portion 5018¢ illustrated in FIGS. 75A and 75B
deviates on the side of the one end 50184 from the center in
the longitudinal direction by the amount x of deviation.
Since the heat generating elements 5181 causes thermal
expansion with reference to the heater projecting portion
5018c, the other end 51815 of the heat generating element
5181 that is further from the heater projecting portion 5018¢
is more significantly deformed than the one end 5181q that
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is closer to the heater projecting portion 5018c. When the
coeflicient of thermal expansion of the heater 5018 is defined
as a, and the amount of change in temperature is defined as
t, a difference between the amount y1 of deformation at the
one end 5181a of the heat generating elements 5181 and the
amount y2 of deformation at the other end 51815 is repre-
sented by the following Equation 1.

y2-p1=(L/2+x)xaxt—(L/2-x)xaxt=2xat Equation 1

As can be understood from above Equation 1, the differ-
ence y2-y1 between the amounts of deformation at both end
portions of the heat generating elements in the longitudinal
direction due to thermal expansion increases as the amount
x of deviation of the heater projecting portion 5018¢
increases. In other words, it is important to cause the heater
projecting portion 5018¢ to approach the center of the heat
generating elements 5181 in the longitudinal direction in
order to more uniformly heat the recording material in the
width direction.

Next, how large a difference between amounts of defor-
mation at both end portions of the heat generating elements
5681 in the longitudinal direction is when the heater 5068
causes thermal expansion will be similarly considered for
the comparative example of the configuration in the related
art illustrated in FIG. 74B as well. Since the heat generating
elements 5681 causes thermal expansion with reference to
the one end 5068a of the heater 5068 in the longitudinal
direction, the amounts of deformation at the one end 5681a
of the heat generating elements 5681 in the longitudinal
direction and at the other end 56815 on the side opposite to
the one end 5681a are different. In other words, the other end
56815 of the heat generating element 5681 that is further
from the one end 5068 is more significantly deformed than
the one end 56814 that is closer to the one end 5068a. When
the coefficient of thermal expansion of the heater 5068 is
defined as a, the amount of change in temperature is defined
as t, and the distance from the one end 50684 of the heater
5068 to the one end 5681a of the heat generating element
5681 is defined as D, the difference between the amount z1
of deformation at the one end 5681a and the amount z2 of
deformation at the other end 56815 of the heat generating
element 5681 is represented by the following Equation 2.

22-z1=(L+D)xaxt-Dxaxt=Lat Equation 2

As can be understood from above Equation 2, in a case
where the heater is positioned at an end portion in the
longitudinal direction, the difference between the amounts
of deformation at both end portions of the heat generating
elements due to thermal expansion is proportional to the
entire length of the heater. Here, it is possible to obtain the
difference between the amounts of deformation at both end
portions of the heat generating elements in the longitudinal
direction for each of a case where the heater is positioned
with respect to the holder at the center of the heat generating
elements in the longitudinal direction on the basis of Equa-
tion 1 and a case in which the heater is positioned with
respect to the holder at the end portions in the longitudinal
direction on the basis of Equation 2. In other words, it is
possible to obtain, from Equations 1 and 2, a condition for
reducing the difference between the amounts of deformation
at both end portions of the heat generating elements in the
longitudinal direction by applying the present invention to
the heater including the metal substrate as compared with
the configuration in the related art in which the ceramic
heater with a smaller coefficient of thermal expansion is
positioned at the end portion in the longitudinal direction.
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The coefficient o of thermal expansion of SUS304 that is
representative metal used for the substrate of the heater is
17.3x107° [1/° C.] and the coefficient . of thermal expan-
sion of alumina that is representative ceramic used for the
substrate of the heater is 8x107¢ [1/° C.]. If the value
obtained by substituting the value of the coefficient o of
thermal coefficient of SUS304 to Equation 1 is smaller than
the value obtained by substituting the value of the coefficient
a of thermal coefficient of alumina to Equation 2, it is
possible to further reduce the difference between the
amounts of deformation at both end portions of the heat
generating elements in the longitudinal direction as com-
pared with the configuration in the related art. Also, the
relational equation obtained as described above is repre-
sented by the following Equation 3.

x=0.23L=Y4L Equation 3

It is possible to understand from Equation 3 above that the
amounts of deformation at both end portions of the heat
generating portions in the longitudinal direction can be
reduced to the amounts that are equal to or less than those
in the configuration in the related art even if the heater
projecting portion deviates from the center of the heat
generating portions in the longitudinal direction by the
amount corresponding to about Y4 of the entire length of the
heat generating elements in the configuration including the
metal substrate to which the present invention is applied. In
other words, the heater projecting portion is preferably
located within a range to the position at a distance of %
ahead of the entire length of the heat generating portions
from the center of the heat generating portions to the side of
each of both ends in the longitudinal direction. With such a
configuration, it is possible to obtain a heat property that is
equivalent or greater than that of the configuration in the
related art by applying the preset invention even from the
configuration including the metal substrate.

As described above, it is possible to uniformly heat both
end portions of the recording material in the width direction
by employing the configuration in which the positioning
portion for determining the position of the heater in the
longitudinal direction with respect to the heater holder is
located on the side further inward than the heat generating
portions of the heater in the longitudinal direction. If the
positioning portion is located near the center of the heat
generating portions in the longitudinal direction, specifically
within a range that is ¥4 ahead of the entire length of the heat
generating portions from the center of the heat generating
portions to each of both end portions in the longitudinal
direction, the effects and the advantages of the present
invention can be more effectively obtained.

Note that although the present embodiment has been
described using the configuration including the heater pro-
vided with the metal substrate, the present invention is not
limited thereto. Even in a case of a configuration in which
the substrate of the heater is made of ceramic, for example,
the ceramic also causes thermal expansion to some extent,
the deviation of the positional relationship between the
heater and the end portions of the recording material is thus
reduced by applying the present invention, and it is possible
to more uniformly heat the recording material in the longi-
tudinal direction.

In another modification example, a configuration in which
the support member is provided with a projection projecting
on the side of the heater may be employed although the
heater is provided with the projecting portion projecting on
the side of the support member as the positioning portion in
this example. Moreover, a configuration in which the heater
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projecting portion is caused to project only from one end or
a configuration in which the heater projecting portion proj-
ects from the surface of the substrate on the side opposite to
the surface on which the heat generating elements are
provided may be employed instead of the heater projecting
portion projecting from both ends of the heater in the
conveying direction as in this example. In other words, the
positioning portion provided on the substrate, such as the
projecting portion and the hole portion, is not limited to the
mode described in this example and can be modified in
various manners as long as the position of the heater in the
longitudinal direction with respect to the heater holder can
be fixed.

Also, in a configuration in which the thickness of the
substrate is thin in order to quickly raise the temperature, the
temperature of the heater also suddenly changes, and the
temperature of the recording material is also likely to
suddenly change. Since the temperatures of the recording
material at both end portions are likely to change due to
slight deviation of the heat generating portions with respect
to the recording material in such a configuration, application
of the present invention is particularly advantageous.

Example 18

Next, Example 18 according to the present invention will
be described. A fixing device in Example 18 is different from
that in Example 17 in that a heater is provided with a soaking
plate and the soaking plates abuts an inner circumferential
surface of a film instead of the heater. Since configurations
similar to those in Example 17 are employed for the other
configurations of an image forming apparatus and a fixing
device in Example 18, similar reference signs will be
applied, and description thereof will be omitted. Hereinafter,
characteristic configurations in Example 18 will be
described in detail.

Details of Configurations of Heater and Soaking Plate

Details of configurations of a soaking plate 5037 and a
heater 5038 will be described using FIGS. 76 and 77. FIG.
76 is an exploded view extracting only the soaking plate
5037 with excellent slidability, the heater 5038, and a heater
holder 5039, and FIG. 77 is a completion diagram illustrat-
ing a state in which they are engaged with each other. The
position of the heater 5038 in the longitudinal direction with
respect to the heater holder 5039 is determined by the heater
5038 being held in a groove portion of the heater holder
5039, and the heater 5038 is held by a clipping member 5021
and a power supply portion 5022 such that the heater 5038
does not escape.

The heater 5038 in this example includes two heat gen-
erating elements 5381 provided on the substrate 5382 and a
heater notch portion 5038¢ located at the center of the heat
generating elements 5381 in the longitudinal direction. The
heater notch portion 5038¢ opens in the thickness direction
of the substrate 5382 and is fitted to a soaking plate
projecting portion 5037¢ of the soaking plate 5037. The
position of the heater 5038 in the longitudinal direction with
respect to the heater holder 5039 is determined by the heater
5038 being provided in a groove portion of the heater holder
5039 such that one end 5038 in the longitudinal direction
comes into contact with one end 5039a of the groove portion
of the heater holder 5039 in the longitudinal direction. On
the other hand, the one end 50384 and the other end 50385
on the opposite side of the heater 5038 include clearances
with respect to the one end 5039a and the other end 50395
on the opposite side of the groove portion of the heater
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holder 5039 such that the heater 5038 does not come into
contact with the heater holder 5039 even if the heater 5038
causes thermal expansion.

The soaking plate 5037 is a heat conducting member
provided to uniformly transmit heat of the heater 5038 to the
film 5017. The soaking plate 5037 may be any member with
high heat conductivity, and it is suitable to use an aluminum
plate or the like. One end 50374 and the other end 50375 on
the side opposite to the one end 5037a of the soaking plate
5037 in the longitudinal direction are disposed at the same
positions as those of one end 5381a and the other end 53815
on the side opposite to the one end 5381a of the heat
generating elements 5381. In other words, both ends of the
soaking plate 5037 in the longitudinal direction are located
at positions corresponding to both ends of the heat gener-
ating elements 5381 in the longitudinal direction and both
ends of the recording material 5002 in the width direction.
The soaking plate 5037 in this example includes a soaking
plate projecting portion 5037¢ that is engaged with the
heater notch portion 5038¢ of the heater 5038. The soaking
plate projecting portion 5037¢ projects perpendicularly to
the surface of the soaking plate 5037 abutting the heater
5038. The soaking plate projecting portion 5037¢ may be
molded by providing a part that serves as a heater projecting
portion to a flat metal plate in advance and folding the part
or may be molded by another method of joining a member
to the substrate or the like.

Since the heat from the heater is uniformized in the
soaking plate by employing the configuration in which heat
transmission from the heater to the film is performed via the
soaking plate, it is possible to transmit more uniformized
heat to the film as compared with a configuration in which
the soaking plate is not provided. However, since both end
portions of the soaking plate in the longitudinal direction are
not uniformly heated if the positions of the end portions of
the heater and the soaking plate in the longitudinal direction
deviate due to thermal expansion of the heater, both end
portions in the width direction of the recording material
passing through the positions corresponding to both end
portions of the soaking plate in the longitudinal direction are
heated at different temperatures. In other words, it is nec-
essary for both end portions of the soaking plate in the
longitudinal direction to be uniformly heated by the heater
in order to uniformly heat both end portions of the recording
material in the width direction with the configuration in
which the soaking plate is included.

Next, a method for positioning the soaking plate 5037 in
this example will be described. The soaking plate 5037 is
disposed on the heater 5038, and the position of the soaking
plate 5037 in the transverse direction with respect to the
heater holder 5039 is determined by the soaking plate 5037
being held integrally with the heater 5038 in the groove
portion of the heater holder 5039. On the other hand, the
heater notch portion 5038¢ abuts the soaking plate project-
ing portion 5037¢ in both directions of the longitudinal
direction such that relative movement of the soaking plate
projecting portion 5037¢ in the longitudinal direction with
respect to the heater notch portion 5038¢ is restricted. In
other words, the position of the soaking plate 5037 in the
longitudinal direction with respect to the heater 5038 is
determined by the heater notch portion 5038¢ as a position-
ing portion being fitted to the soaking plate projecting
portion 5037¢ that is a positioned portion.

The heat generating elements 5381 in this example
expands uniformly on left and right sides in the longitudinal
direction with reference to the heater notch portion 5038¢
when the heater 5038 causes thermal expansion. Since the
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heater notch portion 5038c¢ is located at the center of the heat
generating elements 5381 and at the center of the soaking
plate 5037 in the longitudinal direction, the heat generating
element 5381 expands uniformly on the left and right sides
with reference to the center of the soaking plate 5037 in the
longitudinal direction. In other words, the amounts of defor-
mation at one end 5381qa and the other end 53815 of the heat
generating elements 5381 that are heat generating portions
of the heater 5038 in the longitudinal direction become
equivalent, and both end portions of the soaking plate 5037
in the longitudinal direction are uniformly heated.

As described above, it is possible to uniformly heat both
end portions of the soaking plate in the longitudinal direc-
tion by employing the configuration in which the positioning
portion that determines the position of the soaking plate in
the longitudinal direction with respect to the heater is
located at the center of the heat generating portions of the
heater in the configuration in which the soaking plate is
provided on the heater. Both end portions in the width
direction of the recording material located at positions
corresponding to both end portions of the soaking plate are
uniformly heated by both end portions in the longitudinal
direction of the soaking plate that transmits uniformized heat
of the heater to the film being uniformly heated.

Note that in the aforementioned example, although the
configuration in which the heater notch portion 5038¢ is
located at the center in the longitudinal direction with
respect to the heat generating elements 5381 and the soaking
plate 5037 has been employed, the configuration of the
present invention is not limited thereto. It is possible to
obtain a more excellent thermal property as compared with
the configuration in the related art even if the positioning
portion such as the heater notch portion slightly deviates
from the center of the heat generating portions of the heater
as long as the positioning portion is located on the side
further inward than the heat generating portions. When a
configuration in which the positioning portion deviates from
the center of the heat generating portions is employed, the
positioning portion is preferably located within a range that
is Y ahead of the entire length of the heat generating
portions from the center of the heat generating portions to
both end portions in the longitudinal direction as described
above using Example 17.

Example 19

Next, Example 19 according to the present invention will
be described. A fixing device in Example 19 is different from
that in Example 18 in that although a heater is provided with
a soaking plate, a projecting portion of the soaking plate is
also fitted to a heater holder in addition to the heater. Since
configurations similar to those in Example 17 will be
employed for the other configurations of an image forming
apparatus and the fixing device in Example 19, similar
reference signs will be applied, and description thereof will
be omitted. Hereinafter, characteristic configurations in
Example 19 will be described in detail.

Details of Configurations of Heater, Soaking Plate, and
Holder

Details of configurations of a soaking plate 5047, a heater
5048, and a heater holder 5049 will be described using
FIGS. 78 and 79. FIG. 78 is an exploded diagram extracting
only the soaking plate 5047 with excellent slidability, the
heater 5048, and the heater holder 5049, and FIG. 79 is a
completion diagram illustrating a state in which they are
engaged with each other. The position of the heater 5048 in
the transverse direction with respect to the heater holder
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5049 is determined by the heater 5048 being provided in a
groove portion of the heater holder 5049. A method for
positioning the heater 5048 in the longitudinal direction will
be described later.

The heater 5048 in this example includes two heat gen-
erating elements 5481 provided on a substrate 5482 and a
heater notch portion 5048¢ at a center portion of the heat
generating elements 5481 in the longitudinal direction. The
heater notch portion 5048¢ opens in the thickness direction
of the substrate 5482 and is engaged with a soaking plate
projecting portion 5047¢ of the soaking plate 5047. The
heater 5048 is provided in the heater holder 5049 such that
one end 5048a and the other end 50485 on the side opposite
to the one end 5048a in the longitudinal direction have
clearances with respect to one end 5049a and the other end
50495 on the side opposite to the one end 50494 of a groove
portion of the heater holder 5049. In other words, the heater
5048 is provided such that the one end 50484 and the other
end 50485 in the longitudinal direction do not come into
contact with the heater holder 5049 when the heater 5048
causes thermal expansion.

The soaking plate 5047 in this example includes a soaking
plate projecting portion 5047¢ that is fitted to a heater notch
portion 5048¢ of the heater 5048 and a heater holder hole
portion 5049c¢ of the heater holder 5049. One end 50474 and
the other end 5047h on the side opposite to the one end
5047a of the soaking plate 5047 in the longitudinal direction
are disposed at the same positions as those of one end 5481a
and the other end 54815 on the side opposite to the one end
5481a of the heat generating element 5481. The soaking
plate projecting portion 5047¢ projects perpendicularly to
the surface of the soaking plate 5047 abutting the heater
5048. Also, the soaking plate 5047 is provided on the heater
5048, and the position of the soaking plate 5047 in the
transverse direction with respect to the heater 5048 is
determined by the soaking plate 5047 being provided in the
groove portion of the heater holder 5049 along with the
heater 5048.

The heater holder 5049 in this example includes a heater
holder hole portion 5049¢ that is fitted to the soaking plate
projecting portion 5047¢ of the soaking plate 5047. The
soaking plate projecting portion 5047¢ is fitted to the heater
notch portion 5048¢ and the heater holder hole portion
5049¢. The heater holder hole portion 5049¢ abuts the
soaking plate projecting portion 5047¢ in both directions of
the longitudinal direction such that relative movement of the
soaking plate projecting portion 5047¢ in the longitudinal
direction with respect to the heater holder hole portion
5049c¢ is restricted. Also, the heater notch portion 5048¢ also
abuts the soaking plate projecting portion 5047¢ in both
directions of the longitudinal direction such that relative
movement of the soaking plate projecting portion 5047¢ in
the longitudinal direction with respect to the heater notch
portion 5048c¢ is restricted. In other words, the position of
the heater 5048 in the longitudinal direction with respect to
the soaking plate 5047 and the heater holder 5049 is deter-
mined by the soaking plate projecting portion 5047¢ being
fitted to the heater notch portion 5048¢ and the heater holder
hole portion 5049¢. With such a configuration, the heater
5048 is deformed with reference to the heater notch portion
5048¢ located at the center of the heat generating element
5481 in the longitudinal direction and the recording material
5002 in the width direction with respect to the soaking plate
5047 and the heater holder 5049 when the heater 5048
causes thermal expansion. In other words, the amounts of
deformation at one end 54814 and the other end 54815 of the
heat generating elements 5481 that are heat generating
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portions of the heater 5048 in the longitudinal direction
become equivalent. Moreover, since the soaking plate 5047
is deformed with reference to the center of the heat gener-
ating element 5481 and the soaking plate 5047 even in a case
where the soaking plate 5047 causes thermal expansion, the
amounts of displacement at both ends of the soaking plate
5047 in the longitudinal direction become equivalent, and
both end portions of the recording material 5002 in the width
direction are uniformly heated.

As described above, it is possible to uniformly heat both
end portions of the recording material in the width direction
by employing the configuration in which the positioning
portion that determines the position of the heater in the
longitudinal direction with respect to the soaking plate and
the heater holder is located at the center of the heat gener-
ating portions of the heater in the longitudinal direction in
the configuration in which the soaking plate is provided on
the heater.

Note that although the configuration in which the heater
notch portion 5048¢ is located at the center of the heat
generating elements 5481, the soaking plate 5047, and the
recording material 5002 in the longitudinal direction has
been employed in the above example, the configuration of
the present invention is not limited thereto. It is possible to
obtain a more excellent thermal property as compared with
the configuration in the related art even if the positioning
portion such as the heater notch portion slightly deviates
from the center of the heat generating portions of the heater
as long as the positioning portion is located on the side
further inward than the heat generating portions. When the
configuration in which the positioning portion deviates from
the center of the heat generating portions is employed, the
positioning portion is preferably located within a range that
is Y ahead of the entire length of the heat generating
portions from the center of the heat generating portions to
both end portions in the longitudinal direction as described
above using Example 17.

Also, a configuration in which the heater is provided with
a projecting portion and the projecting portion is fitted to a
hole portion of the heater holder and a soaking plate notch
portion may also be employed in another modification
example. Moreover, a configuration in which the heater
includes a first projection that is fitted to the heater holder
and a second projection that is fitted to the soaking plate and
a plurality of positioning portions for the heater are provided
may also be employed. In other words, the positioning
portion such as the projection, the hole portion, and the
notch portion are not limited to the modes described in this
example and can be modified in various manners as long as
it is possible to fix the position of the heater in the longi-
tudinal direction with respect to the heater holder and the
soaking plate.

Example 20

Next, Example 20 according to the present invention will
be described. A fixing device in Example 20 is different from
that in Example 19 in that although a soaking plate is
engaged with a heater and a heater holder, the heater holder
is provided with a projecting portion, and the soaking plate
is provided with a notch. Since configurations similar to
those in Example 17 will be employed for the other con-
figurations of an image forming apparatus and a fixing
device in Example 20, the same reference signs will be
applied, and description thereof will be omitted. Hereinafter,
characteristic configurations of Example 20 will be
described in detail.
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Details of Configurations of Heater, Soaking Plate, and
Holder

Details of configurations of a soaking plate 5057, a heater
5058, and a heater holder 5059 will be described using
FIGS. 80 and 81. FIG. 80 is an exploded view of extracting
only the soaking plate 5057 with excellent slidability, the
heater 5058, and the heater holder 5059, and FIG. 81 is a
completion diagram illustrating a state in which they are
engaged with each other. The position of the heater 5058 in
the transverse direction with respect to the heater holder
5059 is determined by the heater 5058 being provided in a
groove portion of the heater holder 5059. A method for
positioning the heater 5058 in the longitudinal direction will
be described later.

The heater 5058 in this example includes two heat gen-
erating elements 5581 provided on a substrate 5582 and a
heater notch portion 5058¢ at a center of the heat generating
elements 5581 in the longitudinal direction. The heater notch
portion 5058¢ opens in the thickness direction of the sub-
strate 5582 and is engaged with a heater holder projecting
portion 5059¢ of the heater holder 5059. The heater 5058
includes one end 5058a in the longitudinal direction and the
other end 50585 on the side opposite to the one end 50584
provided in the heater holder 5059 with clearances from one
end 50594 of the groove portion of the heater holder 5059
in the longitudinal direction and the other end 50595 on the
side opposite to the one end 5058a. In other words, the
heater 5058 is provided such that the one end 50584 and the
other end 50585 in the longitudinal direction do not come
into contact with the heater holder 5059 even if the heater
5058 causes thermal expansion.

The soaking plate 5057 in this example includes a soaking
plate notch portion 5057¢ that is engaged with the heater
notch portion 5058¢ of the heater 5058 and the heater holder
projecting portion 5059¢ of the heater holder 5059. One end
5057a and the other end 50575 on the side opposite to the
one end 5057a of the soaking plate 5057 in the longitudinal
direction are disposed at the same positions as those of one
end 5581a and the other end 55815 on the side opposite to
the one end 55814 of the heat generating elements 5581. The
soaking plate notch portion 5057¢ opens in the thickness
direction of the soaking plate 5057. Also, the soaking plate
5057 is provided on the heater 5058, and the position of the
soaking plate 5057 in the transverse direction with respect to
the heater 5058 is determined by the soaking plate 5057
being provided in the groove portion of the heater holder
5059 along with the heater 5058.

The heater holder 5059 in this example includes a heater
holder projecting portion 5059¢ that is engaged with the
heater notch portion 5058¢ and the soaking plate notch
portion 5057¢. The heater holder projecting portion 5059¢ is
fitted to the heater notch portion 5058¢ and the soaking plate
notch portion 5057¢. The heater holder projecting portion
5059¢ abuts the soaking plate notch portion 5057¢ in both
directions of the longitudinal direction such that relative
movement of the soaking plate notch portion 5057¢ in the
longitudinal direction with respect to the heater holder
projecting portion 5059c¢ is restricted. Also, the heater notch
portion 5058¢ also abuts on the soaking plate projecting
portion 5047¢ in both directions of the longitudinal direction
such that relative movement of the soaking plate notch
portion 5057¢ in the longitudinal direction with respect to
the heater notch portion 5058¢ is restricted. In other words,
the position of the heater 5058 in the longitudinal direction
with respect to the soaking plate 5057 and the heater holder
5059 is determined by the heater holder projecting portion
5059¢ being fitted to the heater notch portion 5058¢ and the
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soaking plate notch portion 5057¢. With such a configura-
tion, the heater 5058 is deformed with reference to the heater
notch portion 5058¢ located at the center of the longitudinal
direction of the heat generating elements 5581 and the width
direction of the recording material 5002 with respect to the
soaking plate 5057 and the heater holder 5059 when the
heater 5058 causes thermal expansion. In other words, the
amounts of deformation of the heat generating elements
5581 that are heat generating portions of the heater 5058 at
the one end 5581a and the other end 55815 in the longitu-
dinal direction become equivalent. Furthermore, since the
soaking plate 5057 is deformed with reference to the center
of the heat generating elements 5581 and the soaking plate
5057 even in a case where the soaking plate 5057 causes
thermal expansion, the amounts of deformation of the soak-
ing plate 5057 at both ends in the longitudinal direction
become equivalent, and both end portions of the recording
material 5002 in the width direction are uniformly heated.

As described above, in the configuration in which the
soaking plate is provided on the heater, it is possible to
uniformly heat both end portions of the recording material in
the width direction by employing the configuration in which
the positioning portion that determines the position of the
heater in the longitudinal direction with respect to the
soaking plate of the heater and the heater holder is located
at the center of the heat generating portions of the heater in
the longitudinal direction.

Note that although the configuration in which the heater
notch portion 5058¢ is located at the center in the longitu-
dinal direction with respect to the heat generating element
5581, the soaking plate 5057, and the recording material
5002 is employed in the aforementioned example, the con-
figuration of the present invention is not limited thereto. It
is possible to obtain a more excellent thermal property as
compared with the configuration in the related art even if the
positioning portion such as the heater notch portion slightly
deviates from the center of the heat generating portions of
the heater as long as the positioning portion is located on a
side further inward than the heat generating portion. When
a configuration in which the positioning portion deviates
from the center of the heat generating portions is employed,
the positioning portion is preferably located within a range
that is ¥4 ahead of the entire length of the heat generating
portions from the center of the heat generating portions to
both end portions in the longitudinal direction as described
above using Example 17.

Hereinafter, configuration or concept examples disclosed
in the aforementioned embodiment will be described below.
However, these are just an example, and the disclosure of the
aforementioned embodiment is not limited to the configu-
rations or concepts described below.

Configuration E1

A heating device that heats a recording material with a nip
portion includes:

a first rotating body;

a second rotating body that forms the nip portion between

the second rotating body and the first rotating body;

a heater that includes a heat generating portion that is

longer in a rotation axis direction of the second rotating
body and is provided in an internal space of the first
rotating body; and

a support member that supports the heater, comes into

contact with an inner circumferential surface of the first
rotating body, and guides rotation of the first rotating
body,

in which the heater includes a positioning portion that is

located on a side closer to a center of the heat gener-
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ating portion with respect to an end portion of the heat
generating portion in a longitudinal direction, and
the support member includes a positioned portion that
abuts the positioning portion and restricts relative
movement of the positioning portion in the longitudinal
direction with respect to the support member, and the
support member supports the heater such that both end
portions of the heater in the longitudinal direction
include clearances with the support member.
Configuration E2
In the heating device according to Configuration E1, the
positioned portion abuts the positioning portion in both
directions of the longitudinal direction.
Configuration E3
In the heating device according to Configuration E1 or E2,
the positioning portion is a projection projecting on the
side of the support member in a thickness direction that
is orthogonal to the longitudinal direction and the
transverse direction of the heater, and
the positioned portion is a hole that is fitted to the
projection.
Configuration E4
In the heating device according to Configuration E3, the
projection is provided at each of both end portions of the
heater in the transverse direction.
Configuration ES
In the heating device according to Configuration E3 or E4,
the heating device further includes a heat conducting
member that is provided on the heater and abuts an
inner circumferential surface of the first rotating body,
the heat conducting member includes a notch to which the
projection of the heater is fitted, and
the projection is fitted to the notch.
Configuration E6
In the heating device according to Configuration E5, the
heater includes a first projection that is fitted to the hole and
a second projection that is fitted to the notch.
Configuration E7
In the heating device according to Configuration E1 or E2,
the positioning portion is a notch that opens in a thickness
direction that is orthogonal to the longitudinal direction
and the transverse direction of the heater, and
the positioned portion is a projection projecting on the
side of the heater in the thickness direction.
Configuration E8
In the heating device according to Configuration E6 or E7,
the heating device further includes a heat conducting
member that is provided on the heater and comes into
contact with an inner circumferential surface of the first
rotating body,
the heat conducting member includes a notch to which the
projection of the support member is fitted, and
the notch abuts and fits to the projection such that the
position of the heat conducting member in the longi-
tudinal direction with respect to the support member is
determined.
Configuration E9
A heating device that heats a recording material with a nip
portion includes:
a first rotating body:
a second rotating body that forms the nip portion between
the second rotating body and the first rotating body;
a heater that includes a heat generating portion that is
longer in a rotational axis direction of the second
rotating body and is provided in an internal space of the
first rotating body;

10

20

25

30

35

40

45

50

55

60

104

a support member that holds the heater, comes into
contact with an inner circumferential surface of the first
rotating body, and guides rotation of the first rotating
body; and

a heat conducting member that is provided on the heater,
comes into contact with the inner circumferential sur-
face of the first rotating body, and transmits heat of the
heater to the first rotating body,

in which the heater includes a positioning portion that is
located on a side closer to a center of the heat gener-
ating portion with respect to an end portion of the heat
generating portion in a longitudinal direction, and

the heat conducting member includes a positioned portion
that abuts the positioning portion and restricts relative
movement of the positioning portion in the longitudinal
direction with respect to the heat conducting member.

Configuration E10

In the heating device according to Configuration E9, the
positioned portion abuts the positioning portion in both
directions of the longitudinal direction.

Configuration E11

In the heating device according to any one of Configu-
rations E1 to E10,

the heater includes a substrate that is made of metal and
a heat generating element that is provided on the
substrate, and

the heat generating portion is formed by the heat gener-
ating element.

Configuration E12

In the heating device according to Configuration E11, the
positioning portion is formed on the substrate.
Configuration E13

In the heating device according to any one of Configu-
rations E1 to E12, the positioning portion is provided within
a length range of % of the entire length of the heat gener-
ating portion from a center of the heat generating portion
toward both end sides in the longitudinal direction.
Configuration E14

In the heating device according to any one of Configu-
rations E1 to E13,

the first rotating body is a tubular film, and

the second rotating body is a roller.

Configuration E15

An image forming apparatus includes:

an image forming portion that forms an image on a
recording material; and

the heating device portion according to any one of Con-
figurations E1 to E14 that fixes, on the recording
material, the image formed on the recording material.

Configuration E16

In the image forming apparatus according to Configura-
tion E15,

the image forming apparatus further includes side plates
that are provided at both ends of the support member in
the longitudinal direction, and

the support member is fixed to the side plates at positions
in the longitudinal direction.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2021-166594, filed on Oct. 11, 2021, Japa-
nese Patent Application No. 2021-169368, filed on Oct. 15,
2021, Japanese Patent Application No. 2021-173937, filed
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on Oct. 25, 2021, Japanese Patent Application No. 2021-
182608, filed on Nov. 9, 2021, Japanese Patent Application
No. 2021-188855, filed on Nov. 19, 2021 and Japanese
Patent Application No. 2022-106472, filed on Jun. 30, 2022,
which are hereby incorporated by reference herein in their
entireties.

What is claimed is:

1. A heater for an image forming apparatus, the heater
comprising:

a substrate that is thin and long and is made of metal;

an insulating layer provided on the substrate; and

a heat generating element provided on the insulating

layer,

wherein the substrate comprises:

a first region including a center of the substrate in a
transverse direction that is orthogonal to a longitu-
dinal direction of a surface of the substrate on which
the insulating layer is disposed;

a second region on a side closer to one end than the first
region in the transverse direction; and

a third region on a side closer to the other end than the
first region in the transverse direction,

wherein the first region is a plane,

wherein the second region and the third region are bent

from the first region in a thickness direction of the

substrate that is orthogonal to the longitudinal direction
and the transverse direction,

wherein the second region includes:

a first bent portion that is bent to approach a side of the
heat generating element from the first region in the
thickness direction; and

a second bent portion that is bent in the transverse
direction from the first bent portion, the second bent
portion including a plane that is parallel to the first
region,

wherein the second region and the third region are bent

from the first region along an entirety of the substrate

in the longitudinal direction, and

wherein a distance from the plane of the first region to the

plane of the second bent portion in the thickness

direction is longer than a thickness of the insulating
layer.

2. The heater according to claim 1, wherein the third
region includes a third bent portion that is bent to approach
a side of the heat generating element from the first region in
the thickness direction.

3. The heater according to claim 2, wherein the third
region includes a fourth bent portion that is bent in the
transverse direction from the third bent portion.

4. The heater according to claim 3, wherein the fourth
bent portion includes a plane that is parallel to the first
region.

5. The heater according to claim 4, wherein a distance
from a plane of the first region and a plane of the fourth bent
portion in the thickness direction is longer than the thickness
of the insulating layer.

6. The heater according to claim 1, wherein the insulating
layer is not provided on the substrate in the second region
and the third region.

7. The heater according to claim 1, wherein:

the insulating layer is provided on a first surface of the

substrate,

no insulating layer is provided on a second surface of the

substrate, on a side opposite to the first surface of the

substrate.
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8. The heater according to claim 1, wherein:

the insulating layer with the heat generating element
provided thereon is a first insulating layer,

the first insulating layer is provided on a first surface of
the substrate,

a second insulating layer, without the heat generating
element provided thereon, is provided on a second
surface of the substrate, on a side opposite to the first
surface of the substrate, and

wherein the first insulating layer is thicker than the second
insulating layer in the thickness direction.

9. A heating device for an image forming apparatus, the

heating device comprising:

a first rotating body;

a heater provided in an internal space of the first rotating
body, and comprising:
a substrate that is thin and long and is made of metal;
an insulating layer provided on the substrate; and
a heat generating element provided on the insulating

layer,

wherein the substrate comprises:

a first region including a center of the substrate in a
transverse direction that is orthogonal to a longi-
tudinal direction of a surface of the substrate on
which the insulating layer is disposed;

a second region on a side closer to one end than the
first region in the transverse direction; and

a third region on a side closer to the other end than
the first region in the transverse direction,

wherein the first region is a plane,

wherein the second region and the third region are bent
from the first region in a thickness direction of the
substrate that is orthogonal to the longitudinal direc-
tion and the transverse direction,

wherein the second region includes:

a first bent portion that is bent to approach a side of
the heat generating element from the first region in
the thickness direction; and

a second bent portion that is bent in the transverse
direction from the first bent portion, the second
bent portion including a plane that is parallel to the
first region,

wherein the second region and the third region are bent
from the first region along an entirety of the substrate
in the longitudinal direction, and
wherein a distance from the plane of the first region to
the plane of the second bent portion in the thickness
direction is longer than a thickness of the insulating
layer;
a second rotating body that forms a nip portion with the
heater via the first rotating body; and
a temperature detection unit that detects a temperature of
the heater,
wherein the insulating layer is provided on a first surface
of the substrate, and
wherein the temperature detection unit is provided on a
second surface of the substrate, on a side opposite to the
first surface of the substrate.
10. The heating device according to claim 9, wherein the

second region and the third region abut the first rotating
body.

11. The heating device according to claim 9, wherein:
the first rotating body is a tubular film, and
the second rotating body is a roller.
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12. A heating device comprising:

a first rotating body;

a heater provided in an internal space of the first rotating
body, and including:

a substrate that is thin and long and is made of metal;

an insulating layer provided on the substrate; and

a heat generating element provided on the insulating
layer; and

a second rotating body that forms a nip portion with the
heater via the first rotating body,
wherein the substrate comprises:

a first region including a center of the substrate in a
transverse direction that is orthogonal to a longitu-
dinal direction of the first surface of the substrate on
which the insulating layer is provided;

a second region on a side closer to one end than the first
region; and

a third region on a side closer to the other end than the
first region in the transverse direction,

wherein the second region and the third region are bent to
be located closer to a side of the nip portion than the
first region in a thickness direction of the substrate that
is orthogonal to the longitudinal direction and the
transverse direction,

wherein the second region includes:

a first bent portion that is bent to approach a side of the
heat generating element from the first region in the
thickness direction; and

a second bent portion that is bent in the transverse
direction from the first bent portion, the second bent
portion including a plane that is parallel to the first
region,

wherein the second region and the third region are bent
from the first region along an entirety of the substrate
in the longitudinal direction, and
wherein a distance from the plane of the first region to the
plane of the second bent portion in the thickness
direction is longer than a thickness of the insulating
layer.
13. The heating device according to claim 12, wherein the
third region includes a third bent portion that is bent to
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approach a side of the heat generating element from the first
region in the thickness direction.

14. The heating device according to claim 13, wherein the
third region includes a fourth bent portion that is bent in the
transverse direction from the third bent portion.

15. The heating device according to claim 14, wherein:

the first region includes a plane, and

the fourth bent portion includes a plane that is parallel
with the first region.

16. The heating device according to claim 15, wherein a
distance from the plane of the first region to the plane of the
fourth bent portion in the thickness direction is longer than
the thickness of the insulating layer.

17. The heating device according to claim 12, wherein the
insulating layer is not provided on the substrate in the second
region and the third region.

18. The heating device according to claim 12, wherein:

the insulating layer is provided on a first surface of the
substrate, and

no insulating layer is provided on a second surface of the
substrate, on a side opposite to the first surface of the
substrate.

19. The heating device according to claim 12, wherein:

the insulating layer with the heat generating element
provided thereon is a first insulating layer,

the first insulating layer is provided on a first surface of
the substrate,

a second insulating layer, without the heat generating
element provided thereon, is provided on a second
surface of the substrate, on a side opposite to the first
surface of the substrate, and

the first insulating layer is thicker than the second insu-
lating layer in the thickness direction.

20. An image forming apparatus comprising:

an image forming portion that forms an image on a
recording material; and

the heating device according to claim 12 that fixes, on the
recording material, the image formed on the recording
material.



